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INTRODUCTION 
Micas are common minerals in soil and are considered to 
weather to form the layer silicate clays, A commonly accepted 
mechanism for mica weathering involves the replacement of 
interlayer K by ions such as Mg and Ca, Since Mg and Ca 
hydrate, a coneommitant expansion of the crystal lattice in 
the z-direction occurs as K is replaced. It was formerly 
thought that the layer charge arising from the isomorphous 
substitution of A1 for Si in the tetrahedral layer had to be 
substantially reduced before the lattice could be expanded and 
the interlayer K replaced. It is now known, however, that K 
in micas can be completely replaced by hydrated cations with 
little or no loss of layer charge and that some cations are 
more effective replacera than others. Thus it appears that the 
hydration of the cation in the Interlayer space plays a vital 
role in the weathering of micas. To better understand this 
role and to gain an insight into the main process by which 
micas weather to reactive clay minerals in the soil, a detailed 
study of the hydration characteristics of the K-depleted micas 
is needed. 
Selected micas will be K-depleted and saturated with 
various cations and the hydration characteristics of the inter­
layer cations in these mineral samples will be investigated in 
relation ho •hh« nAflHyA mf •hVia nw «*^<4 fka Cïmna •S-Vi/a 
mica samples have been K-depleted and expanded, they will be 
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designated as degraded-micas and the cations satisfying a major 
portion of the layer charge will be referred to in general as 
M. By using M degraded-micas and selected measurements of 
hydration characteristics, attention will be given to the fol­
lowing specific questions, 1. How do basal spacings of the 
M degraded-micas differ under various moisture conditions? 
2, How do water contents under dynamic heating conditions 
relate to the basal spacings obtained under static drying con­
ditions? 3* What is the relation between the stability of 
the Interlayer water complexes and the hydration energy of the 
interlayer cation? 4. What effect does the location of the 
interlayer cation have on the basal spaclngs and the nature 
of the Interlayer water complex? 
The answers to these questions will contribute to an 
understanding of the processes by which micas weather, and of 
many physloo-chemical properties of soils and micaceous miner­
als, However, Information pertinent to the exchangeability of 
the interlayer cations will merit particular consideration. 
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LITERATURE REVIEW 
Structure of Mica 
The general structure of mica and related layer silicates 
was determined In the 1930's, and during the past ten years 
additional detail on these structures have been obtained using 
modern methods ajid electronic computers (fladoslovlch, I96O; 
Stelnflnk, 1962; and Donnay et al., 1964). The basic struc­
tural units of mica are two heiagonally linked Si tetrahedral 
layers with an octahedral layer sandwiched between. The tet­
rahedral and octahedral layers are linked together by common 
sharing of the apical oxygens of the Si tetrahedra. Isomor-
phous substitution of A1 for one-fourth of the Si in the 
tetrahedral layer gives rise to a charge deficiency (layer 
charge) which is primarily balanced by cations (principally K) 
located in the hexagonal holes in the tetrahedral layers. 
These Interlayer K ions electrostatically bind the silicate 
layers together. 
There are two main types of mica, dioctahedral micas which 
have two out of the three possible cation sites in the octa­
hedral layer filled (mostly with Al"*"^) and trioctahedral micas 
which have all three octahedral sites filled (usually with 
Pe*2 and Mg*^). Muscovite, K2(Ali|)(Si5Al2)02o(OH)^, is the 
most common dioctahedral mica and biotite and phlogoplte are 
examples of Pe rich and Kg rich trioctahedral micas, 
KgfFG Mg)6(8l6Al2)02o(OH)4, respectively. 
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The mica structure exhibits polymorphism, corresponding 
to displacements or rotations of successive layers in the 
stacking sequence. The two layer monoclinlc form (ZM^) is the 
most common form for muscovlte and one layer monoclinlc form 
(IM) is the most common form for biotite and phlogopite. 
More detailed reviews on the structure of mica have been 
written by Bailey (1966) and Leonard (I966).  
Preparation of Cation Saturated K-depleted Micas 
In the past, little work has been done with cation 
saturated K-depleted micas, primarily because few have been 
prepared, Barshad (1948), in a study designed to relate 
biotite to vermicullte, prepared a Mg saturated biotite by 
leaching with MgCl2. He found the replacement of K with Mg 
to proceed very slowly and only with 1 yi material was the 
replacement complete after leaching for a period of three 
months. Disregarding the small particle size and the length 
of the treatment required to replace the K, the study showed 
that interlayer K in micas could be replaced by other cations. 
Scott and Smith (1966) showed that as the K content in­
creased in the replacing solution, the amount of K that could 
be replaced by Na decreased. They also showed that this K 
blocking effect was much greater on the diootahedral micas 
than on the trioctahedral micas. To make the K more readily 
replaceable, two techniques have been used. One technique 
is to optimize the exchange conditions by using the most 
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effective replacing cation (I.e., the cation least affected by 
the K blocking effect) and by elevating the temperature to 
hasten the reaction. After these optimizing steps have been 
taken, sufficient volume of solution must then be used to 
effect a complete replacement. The other technique is to lower 
the K content in solution by addition of a reagent to precipi­
tate K. This, of course, creates the problem of separating 
the sample from the K precipitate. The K-depleted micas can 
then be saturated with the desired interlayer cation by washing 
or leaching procedures, 
Heichenbach and Rich (1968) prepared "dloctahedral 
vermlculltes" from a 5-20 ji. fraction of muscovite using the 
first technique. They used 0.1 N BaCl2 as the replacing solu­
tion and heated the solution containing the sample in an 
autoclave at 120^0 to optimize the exchange conditions. To 
prepare a 1 g sample, 20 successive 3-day treatments were re­
quired, using 3 liters of 0.1 N BaCl2 for each treatment. More 
than $0% of the interlayer K was replaced by Ba and the equiv­
alent sum of Ba aind K in the dloctahedral vermicullte was 
approximately equal to the K content of the original muscovite. 
So the layer charge was apparently not altered by the treatment. 
To prepare samples saturated with various cations fr<Mtt 
their Ba-vermicullte, Reichenbach and Rich (19^8), subjected 
the samples to successive extractions (using 0,01 N or 0.1 N 
chloride solutions) at room temperature and at 120%, After 
l6 1-day treatments (5 at room temperature and 11 at 120°C) the 
divalent cations (Mg, Ca and Sr) had completely replaced the 
Ba whereas for the monovalent cations (Na, Rb and Cs), some Ba 
remained in the sample. The replacing cation occupied approx­
imately 90^ of the interlayer sites in all cases except for 
Hb and Cs. After correcting for sample weight variability due 
to the saturating cation, the layer charge (in equivalents per 
unit cell) was approximately 1,9 with Na and Sr apparently low 
at about I .7 ,  
Leonard (1966) prepared "di- and trioctahedral ver-
miculites" from 1-5 and 5-20 )i fractions of di- and triocta­
hedral micas, respectively, and Thompson et al. (I967) prepared 
"expanded phlogopite" from a 2-20 fraction of phlogopite, 
using the other technique. Sodium tetraphenylboron (NaTPB) 
was used as the K precipitating agent in both cases (using 
techniques developed by Scott and Heed, 1962} but their 
approaches to separate the sample from the resulting KTPB were 
different, 
Leonard (1966) removed most of the KTPB from the samples 
by a foaming process and then dissolved the remaining KTPB and 
saturated the exchange sites with 1 N salt - 50^ acetone solu­
tions. The cation saturation was accomplished with 6 repeated 
washings using the appropriate 1 N chloride salt-acetone solu­
tions, The first 3 washes were carried out as rapidly as 
possible to prevent K reentry into the interlayer positions. 
Only the Sr saturated samples were analyzed for interlayer 
cation contents. These analyses showed that 83 to 91^ of the 
? 
K was removed from ? dloctahedral micas and 92 to of the K 
was removed from 4 trioctahedral micas. The equivalent sums of 
Sr, Na and K did not equal the K contents of the original micas, 
so apparently the layer charge was decreased by the treatment. 
Thompson et al. (1967) separated the KTPB from their 
sample by dissolving it in 3 washes with 1 N NaCl - 50^ acetone 
and 2 additional washes with water-50# acetone. The cation 
saturation was then accomplished by washing the expanded 
phlogoplte 3 times with 1 N chloride solutions. Only the Ca 
content of the Ca saturated sample was determined and found to 
be 212 +10 meg/lOOg of sample (equilibrated at 65°C), Since the 
hydration status and the Na and K content of this Ca saturated 
sample were not determined, it is difficult to know if the 
layer charge was changed by the treatment. But, If the Ca 
sample contained 2 water molecules per 24 oxygens, the layer 
charge would be 210 meg/lOOg of sample, which corresponds to 
the layer charge of the Initial phlogoplte. 
The interlayer cation population can vary with different 
saturating cations (Eelchenbach and Hich, 1968), yet the work 
by Leonard (1966) and Thompson et al, (1967) assumed that all 
cation populations were the same. If the layer charges 
calculated from the Sr samples by Leonard (1966) were low as 
in the work by Eelchenbach and Elch (I968), some of the de­
creases In layer charge, reported by Leonard (1966), may not 
have been real. Further experimental work Is needed to resolve 
this problem. 
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Basal Spacings of Expanded Micacous Minerals 
In a study of the cation-exchange properties of 
vermlcullte, Barshad (1948) replaced the naturally occurring 
cations with several other cations. When the resulting samples 
were subjected to x-ray analysis It was discovered that the 
exchangeable cation In the interlayer region determined the 
degree of expansion of the lattice. This led to further work 
by Barshad (1950) and Walker and Milne (1950) to learn more 
about the effect of Interlayer cations on the basal spacings 
of vermlcullte. 
The basal spaclngs of particular cation saturated 
vermlculltes (equilibrated under different conditions) ob­
served by Barshad (19^8, 1950) and Walker and Milne (1950) are 
tabulated In Table 1. Under moist conditions the basal spac­
lngs are large enough to accommodate two layers of water (15 A), 
Air drying decreased some of the basal spaclngs to ca, 12.5 A, 
which would only accommodate one layer of water. Seating the 
samples decreased the basal spaclngs even more Indicating that 
most of the water was removed from the Interlayer. 
Prom their work with cation saturated vermlculltes 
Walker and Milne (1950) concluded that the water In the 
interlayer region Is in a highly structured form, and that the 
amount of water present is sensitive to changes in humidity, 
Barshad (IQSO) aonoluded from his york thzt the intcrlajsr 
expansion was dependent on the size, charge and total number of 
Table 1. Basal spacings of cation saturated vermlculltes 
Vermlcullte 
M 1 2 3 4 5 6 7 8 
L1 
Na 
Mg 
Ca 
Sr 
Ba 
15.07 
14.76 
14.47 
15.41 
15.41 
12.56 
12.56 
14.33 
15.07 
12.56 
12.38 
10.20 
12.25 
10.20 
9.55 
9.55 
9.40 
9.55 
10.27 
15.0 
14.9 
14.7 
14.9 
15.5 
15.7 
12.2 
14.8 
14.4 
15.0 
15.0 
12.3 
10.2 
9.9 
11.8 
10.4 
10.4 
10.7 
12.3 
14.6 
14.4 
15.0 
15.0 
12.3 
1. Baj'shad (1950), Culsagee Mine, Macon Co., N.C,, rewet from air dry 
2, " (1948), " If n n II air dried 
3 . M W M H M M M 255®C 
2*,, M M II M II II II 750®C 
5» Walker and Mllne (1950),  Kenya,wet 
6. « I» Il n H air dried 
7.  « n n II II 110°C 
8. n i» H n M rehydrated In air after 110®C treatment 
10 
luterlayer cations present, with the expansion Inversely 
proportional to the number of Interlayer cations (I.e., the 
layer charge). 
The layer charges of the cation saturated "vermlculltes" 
prepared by Leonard (I966) (184-162 meq/lOO g) were only 
slightly higher than some of the natural vermlculltes, whereas 
the layer charge of cation saturated K-depleted micas prepared 
by Thompson et al. (1967) and Heichenbach and Rich (1968) were 
higher (ca, 210 and 213-242 meq/lOO g, respectively). The 
basal spaclngs of samples equilibrated at various moisture 
conditions in these three studies are listed in Table 2. The 
basal spaclngs of the cation saturated K-depleted micas undergo 
reductions on drying and heating as in the case of the cation 
saturated vermlculltes. However, some of the cation saturated 
K-depleted micas do not have 15 A basal spaclngs even under 
moist conditions. 
It is impossible to compare much of the data on Tables 1 
and 2 because samples were equilibrated at widely differing 
moisture conditions. For ezampxe, when comparing the basal 
spaclngs from Table 1 column 2 with Table 2 column 2, it is 
impossible to tell whether the difference between 12 and 15 A 
for the Ca saturated samples is due to differences in layer 
charge or Just due to differences in the relative humidities 
at which the samples were equilibrated. Prom comparisons that 
can be made, e.g.. Table 1 column 5 and Table 2 column 1, It 
appears that the contracting tendency of the micaoeous minerals 
Table 2, Basal spaolngs of cation saturated K-depleted micas 
Muscovite Blotlte Phlogoplte 
M 1 2 3 4 5 6 7 8 9 10 11 12 
LI 12.1 12.0 9.8 9.7 12.2 12.17 9.89 12.2 10.1 
Na 9.67 11.89 9.73 
Mg 14.30 14.1 14.1 10.2 10.2 14.47 14.3 14.35 11.57 9.73 14.3 10.0 
Ca 14.79 12.0 12.1 9.9 9.9 12.1 14.98 11.76 9.63 11.9 10.1 
Sr 
Ba 
11.5 
13.1 
12.44 
12.2 12.4 9.6 9.6 12.2 12.2 9.9 
1. Bclchenbach and Rich (I968),  Muscovite (Amelia, Va.), 100^ EH 
2. Leonard (1966),  muscovlte (Yancey Co., N.C.), 35^ RE 
3. " " " (Deer Park Mine, Mitchell Co., N.C.), 35^ RH 
4. " " " (Yancey Co., N.C.), 350°C 
5. " " " (Deer Park Mine, Mitchell Co., N.C.), 350°C 
6. Beirshad (1948), blotlte (source unknown), air dried 
7.  Leonard (1966),  blotlte (Big Ridge Mine, Haywood Co., N.C.), 35^ RE 
8.  Thcanpson et al. (1967),  phlogoplte (North Korea), air dried (ca. 50^ RH) 
9.  " II ft II II 5x10"^ mm Hg (vacuum), 20°C 
10. " n n M M 500°c 
11. Leonard (1966),  phlogoplte (North Burgess, Ontario), 35^ RH 
12. w II n n II M 350°C 
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Increases with the layer charge. 
Even though Barshad (1950) concluded that luterlayer 
cation size is a factor in interlayer expansion, no general 
relations have been given to relate cation size to specific 
basal spacings. 
Hydration of Expanded Micaceous Minerals 
The water content of micaceous minerals saturated with 
various cations and equilibrated under various moisture 
conditions vary with the Interlayer cation present. In a 
study relating the water content to the interlayer cation, 
Gutierrez Hlos and Martin Vivaldi (1950) saturated a bentonlte 
with alkali and alkaline earth cations. These samples were 
equilibrated at several vapor pressures, and the amount of 
adsorbed water was determined for each sample at each vapor 
pressure. The linear plot of water content vs. polarization 
capacity of the cation (ze/r^, where z = valence, e = elec­
tronic charge and r = radius of the cation) for each of the 
valence series, indicated that the adsorbed water was related 
to the polarization capacity of the Interlayer cation. An 
extrapolation of those plots to zero polarization capacity 
Indicated that water was present which was not associated with 
the cations. This water was retained In the bentonlte because 
of its association with the layer surfaces. 
Î0 find the relative amounts of water associated with the 
cation and that associated with the layer surface, Mackenzie 
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(1964) equilibrated a series of homoionic montmorillonites at a 
fized water vapor pressure and then determined their water 
contents. He reasoned that if the hydration of the ions is an 
important factor, the amount of water associated with each ion 
should depend on the hydration energy of the ions. He then 
showed experimentally that this was the case for his mont-
morillonite samples and that the relative importance of this 
layer surface and the cation to hydration therefore depended on 
the cation present. He concluded that for divalent cations 
ranging in size from Cu to Ga, the cation is more important 
than the layer surface, but for the larger divalent cations as 
well as for the monovalent cations the influence of the larger 
surface is dominant. 
In the more highly charged vermiculites more interlayer 
cations are present. Thus the amount of interlayer water not 
associated with a cation is reduced, and becomes of less con­
cern, Also, with higher layer charge, distinct water-cation 
complexes or hydrates are formed which resist change over a 
wide range of water vapor pressure (van Olphen, 1965). It is 
therefore apparent that there are significant differences in 
the hydration of montmorillonites and vermiculites. 
In studying the moisture contents of cation saturated 
vermiculites, Barshad (1948) found that more information was 
obtained on the nature of the expanded vermiculite when the 
moisture contents were calculated as moles of water per mole of 
exchangeable cation. He found that air dried Mg and Ca sat­
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urated vermiculite contained 13 H2O/M (water molecules per 
cation) and that they lost 10 H2O/M when heated to 150®C, 
2 H2O/M "between 150® and 250®C and the remaining 1 SgO/K 
between 250® and Air dried Ba saturated vermiculite 
contained 8 H2O/M and lost 6 H2O/M when heated to 150°C and 
the remaining 2 H2O/M in heating from 150° for 600°C, Air 
dried Li and Na saturated vermiculites contained 8 H2O/2M and 
lost 6 H2O/2M when heated to 150®C and the remaining 2 H2O/2M 
in heating from 150° to 500^0. 
When comparing the above water contents with the basal 
spacings of the air dried cation saturated vermiculites, the 
results indicate that Mg and Ca saturated vermiculite expanded 
a distance equivalent to two layers of water whereas the Li, 
Na and Ba saturated vermiculites expanded approximately the 
thickness of one layer of water. It is also interesting to 
note that the number of water molecules per cation was 
restricted by the interlayer expansion rather than being 
strictly proportional to the polarizing capacity or hydration 
energy of the Interlayer cation. Nevertheless, Mg and Ca, 
which have larger polarizing capacity and hydration energy 
than Li, Na or Ba, do have more interlayer expansion and 
additional water. 
Walker and Cole (1957)» In studying the dehydration of 
Mg saturated vermiculite, found four stages of water loss 
Instead of the three noted by Barshad (1948). Their air dried 
Mg saturated sample lost 4 H2O/M when heated to 130®C, 5 H2O/M 
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when heated from 130® to ca, 180°C, 2^ H2O/M when heated tvom 
ca. 180® to ca. 270®G and the final 3/4 H2O/M when heated from 
ca. 270° to 650^0, The additional weight loss information found 
by Walker and Cole (1957) was coupled with the existence of 
another stable basal spacing, 13.8 A, which persists over a 
very short range of temperatures, 
Barshad (1948) Indicated that the nature of hydration of 
the cation saturated vermiculites is clearly revealed by 
the low temperature endothermic peaks found by differential 
thermal analysis (DTA). These endothermic peaks represent the 
loss of adsorbed water, and the size and shape of the peaks are 
affected by the amount of adsorbed water and the nature of the 
exchangeable cation. The DTA curve for Mg saturated vermiculite 
has three endothermic peaks (the lowest temperature peak being 
a shoulder on the middle peak) and the curve for Ca saturated 
vermiculite shows two endothermic peaks. Both DTA curves 
Indicate a loss of two layers of water. The Ba, Li and Na 
saturated vermiculites have only one endothermic peak which 
corresponds to the loss of one layer of water. 
The temperatures at which the endothermic peaks occur 
reflects to some extent the hydration energy of the interlayer 
cations. Prom the work by Barshad (1948) and Walker and Cole 
(1957) on cation saturated vermiculites the temperature at 
which the endothermic peaks occur decreases in the following 
order: Sr"*'^> Li'*'> Ba"'"^> Na"^. The order, within 
valence groups, corresponds with hydration energies calculated 
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for the various cations (Bockris, 195^» Mackenzie, 1964), how­
ever, the crossing over of the two groups (e.g., Ll*> Ba"'"^) is 
not explained by the hydration energy values. 
The heat required to dehydrate the cation saturated 
vermiculites can be determined by measuring the area of the 
endothermic peaks (Barshad, 1950) or by other calorimetric 
procedures (Keay and Wild, 196I; van Olphen, 1965» and Sudo 
et al,, 1967). Van Olphen (1965) points out, however, that the 
thermodynamic quantities derived from these experimental ob­
servations reflect the net effect of the hydration energy of 
the cations and the attraction energies between the interlayer 
cations and the charged silicate surface. 
After compensating for the attraction energy, van Olphen 
(1965) calculated the energy of hydration of water on a Na 
saturated vermiculite. He found the hydration energy of the 
clay calculated on a per-ion basis to be considerably smaller 
than the ionic hydration in bulk solutions. Keay and Wild 
(1961) calculated the net hydration energies for several cation 
saturated vermiculites. The net hydration energy for their 
Na saturated vermiculite was very similar to the net hydration 
energy found by van Olphen, and the net hydration values for 
the other cation saturated vermiculites were in the same order 
of magnitude. The net hydration energies of the cation satu­
rated vermiculites prepared by Keay and Wild (1961) generally 
decreased as the ionic radius of the cation increased (within 
a valence series). These results indicated that the nature of 
1? 
the exchangeable cation largely determines the heat of hydra­
tion of vermiculite. 
Very little hydration information is available on cation 
saturated K-depleted micas. Reichenbach and Rich (1968) 
reported a percent water content for their cation saturated 
K-depleted muscovites (equilibrated at 100# RE) and Thompson 
et al, (1967) reported the amount of water per unit cell and 
per cation under several moisture conditions. This scanty 
information indicates a similarity between the cation saturated 
K-depleted micas and the cation saturated vermiculites. The 
major difference being a reduction in water molecules per 
cation for the K-depleted micas. 
Interlayer Structure of Expanded Micaceous Minerals 
The arrangement of water molecules and cations in the 
interlayer region in expanded micaceous minerals has been under 
study for the past two decades. Information on the basal 
8pacings and the degree to which the interlayer cations are 
hydrated can give an indication of the arrangement of the water 
molecules and cations in the interlayer region, but only 
detailed structural analyses can specify the locations with 
certainty. 
Since Mg vermiculite is an expanded micaceous mineral that 
occurs in flakes large enough to be studied by single crystal 
z=ray diffraction methods, its structure has been studied 
extensively. Using two and three dimensional Fourier analysis 
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Mathieson and Walker (1952, 195^) found the Interlayer Mg 
(in the 14.4" A phase of Mg vermiculite from Kenya) to be 
located midway between the silicate layers. The water network 
consisted of two sheets of water molecules arranged in a 
distorted hexagonal pattern and held together by the Mg ions. 
This placed the Mg in octahedral coordination with six water 
molecules. Shirozu and Bailey (1966) in a three dimensional 
study of the 14.4 A phase of Mg vermiculite (from Llano, Texas) 
found that besides being located midway between the silicate 
layers, the Mg was located directly over the Al substituting 
for Si in the silicate layer. They also found that the water 
molecules were randomly distributed over the possible water 
positions in the interlayer octahedral sheet, instead of being 
arranged in two hexagonal sheets. The structure reported by 
Shirozu and Bailey (1966) is considered to be more refined 
than that of Mathieson and Walker (195^). 
Detailed structural analysis is not possible on fine 
grained micaceous minerals, but because of their platy nature, 
one dimensional structural analysis can be made of the (OOL) 
reflections. Using one dimensional Fourier analysis on 
14-15 A phases of Cs and Ba nontronite, Weiss et al. (1964) 
found that the exchangeable cations were located in the center 
of the interlayer space between two layers of water as was the 
case with Mg vermiculite, Bradley et al. (I963) found Na to be 
in the center of the interlayer space for both 11.8 A and 
14.8 A phases of Na saturated vermiculite: the water was in 
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the same plane as Na in the 11,8 A phase and in two layers, 
one on either side of the Na, in the l4.8 A phase. 
In a mathematical study of the electrostatic forces 
acting in the interlayer region, Hurst and Jordine (1964) 
concluded that expanded lamellar crystals (e.g., micaceous 
minerals) are at their lowest energy states when the inter-
layer cations are located midway between the charged layers. 
Most of the structural analyses available agree with this 
location of the interlayer cation. There are cases, however, 
where the interlayer cations are thought to be closer to one 
charged surface than to the other. Walker and Cole (1957) 
suggest that Mg is ootahedrally coordinated with three oxygens 
of the silicate layer and three molecules of water in the 
interlayer region in both the 13,8 A and 11,6 A phases of Mg 
saturated vermiculite, and Thompson et al. (1967) suggest a 
similar coordination for Li in the 12,17 A phase of Li sat­
urated K-depleted phlogopite. 
Structural analyses have not thus far been performed on 
cation saturated K-depleted micas. When the basal spacings and 
the water contents of K-depleted mica and vermiculite (with 
the same interlayer cation) are similar, it is likely that 
the location of the cation and of the water molecules in the 
interlayer region would be similar. More research Is needed, 
however, to actually determine the Interlayer structure of the 
cation saturated. K-depleted micas. 
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MATERIALS AND METHODS 
The following micas were used in this study; muscovlte 
(a dloctahedral mica from Efflngton Township, Ontario), biotite 
(an iron rich trioctahedral mica from Bancroft, Ontario) and 
phlogopite (a magnesium rich trioctahedral mica from Ontario), 
All three micas were obtained in the form of large, crystalline 
books of mica from Ward's Natural Science Establishment, Inc. 
The crystalline books were sorted and sheets free of im­
purities were ground in a Cristy and Norris Laboratory hammer 
mill. Using this hammer mill-ground material, samples of 
<50 )i, 5O-60 p. and 10-20 mica were separated by dry sieving, 
wet sieving and sedimentation, respectively. Part of the 
hammer mill-ground material was also ground finer in a water 
cooled Waring blender and 2-5 0.7-2 )i, 0,2-0,7 0.2-0,08 
and <0.08 jx size fractions were obtained by sedimentation and 
centrifugation. The various size fractions of mica were air 
dried and then crushed to pass a 60 mesh sieve before use. Only 
the <50 yi fractions were used throughout this study; the other 
size fractions were limited to the initial phase, where a 
suitable sample was selected for further work. Most of these 
mica size fractions have been used previously by Scott and 
Smith (1966) and Scott (I968),  
Each mica was analyzed for all significant constituent 
AlAmAnte Viv RwiftA UlTTIamss TAhorat-or 1 es. JO'nlln. Missouri- The 
total chemical analyses of the mica indicated the following 
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chemical compositions: muscovlte, K]^,78NaQ^-j^^(A1^^43Fe^2Q2 
F®0?38Tl0.01^80.jlMno.02)(513.68612.32)020(08)4; 
blotite, K]_ ^ .19(^®2?11^®1?06'^-0.13^82..15 ) 
(Sl5^33Ali^53)02o(OH)4; phlogoplte, %!.63*^0.160.77^®o!57 
^®S?12^^0.05^S^.45^^0.01 ) (S^, 91^13,09 )02o( OH)i,,. 
A method for extracting interlayer K from micas with 
NaCl-NaTPB (sodium tetraphenylboron)-EDTA solution has been 
developed by Scott and Eeed (1962), Reed and Scott (1966) and 
Scott and Smith (I966J. This method was used to prepare the 
Na degraded-muscovlte which was subsequently used to prepare 
the M degraded-muscoTltes in this study. Details of this 
preparation and the preparation of the other M degraded-micas 
are given in the "Preparation of M Degraded-mica" section. 
The interlayer cation population, exclusive of content, 
was determined by digesting the samples in HF-HCIO4,, according 
to the method of Jackson (1958), and analyzing the dlgestates 
for various cations by flame photometry or atomic absorption 
spectroscopy, A Baird-Atonic, Inc. Model KY2 flame photometer 
was used for all the Na and most of the K determinations. A 
Perkln-Elmer Model 303 atomic absorption spectrometer was used 
for the rest of the K and all the Mg, Ca, Sr and Ba determina­
tions. A Perkln-Elmer Model 52C flame photometer was used to 
determine Li. Interlayer NSf^ was determined by the semi-micro 
Kjeldahl method described by Bremner (1965).  
X=ray diffraction analyses were performed on a General 
Electric XBD-6 diffractometer equipped with a scintillation 
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counter, Â sample chamber was devised to control the atmos­
phere around the ssuaple during diffraction. Either wet or dry 
conditions were provided by passing air through the sample 
chambers after it had bubbled through a water tower or passed 
through two columns of Drierlte and a tower of concentrated 
sulfuric acid. Some of the samples were oriented on ceramic 
plates, others were held to the ceramic plate with double-
sticky Scotch tape. Ni-filtered Cu radiation and a scanning 
speed of 2° 26 per minute were used for all analyses, 
Thermogravimetric analyses (TGÀ) were performed on a 
TGI unit composed of a Cahn Model BG electrobalance, a Honey­
well Model 520 X-Y recorder, a F & M Model 240M power propor­
tioning temperature programmer and a Marshall Model 2804 
tubular furnace. Approximately 6 mg of sample (previously 
equilibrated at 50/^ EE) was weighed accurately in a 5 nun 
(diameter) platinum pan which was suspended îrom the beam of 
the electrobalance by a nichrome wire. An 11 mm (diameter) 
Vycor hangdown tube was raised to enclose the sample and the 
chrome1-alumel thermocouple which was used to monitor the 
temperature of the sample. The weight and temperature of the 
sample were then recorded on the X-Y recorder as the tempera­
ture of the sample was heated at a constant rate. The 
analyses were performed under ambient pressure with no air 
exchange other than that which occurred naturally. 
Differential thermal analyses (DTA) were performed with a 
Stone Model LB/202 differential thermal analyzer equipped with 
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ring thermocouples composed of Platine1 II, Approximately 
3 mg of sample (previously equilibrated at ^0% EE) was weighed 
accurately (using a Cahn Model G electrobalance) into a nickel 
pan which was formed to fit the ring thermocouple. A similar 
amount of alumina was weighed into a separate nickel pan to 
serve as a reference material. The pans were placed on 
thermocouple rings and the sample chamber was tapped to settle 
the samples in their pans and to seat the pans in the rings. 
The temperature difference between the sample and the alumina 
and the K sample holder temperature were recorded on an X-Y 
recorder as the sample and alumina were heated at a constant 
rate. The analyses were performed under ambient pressure with 
static air conditions. 
The humidity in desiccators that were used for sample 
storage was maintained at 50» 30 or EE (relative humidity) 
by using aqueous solutions that contained 44, 5^ and 75% 
sulfuric acid by weight, respectively. These desiccators 
were maintained at 25°C. 
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PHEPiLRATION OF H DEGflADED-MICA 
Muscovite blotlte and phlogoplte are contracted 2:1 type 
layer silicates that have most of their interlayer cation sites 
occupied by K. As long as these naturally occurring minerals 
retain these structural features they can be referred to as 
micas. On the other hand, once these micas have been K-depleted 
and expanded, they must be given another designation. Some 
K-depleted micas have been referred to as vermiculites 
(Leonard, 1966; Reichenbach and Rich, 1968). For clarity and 
to avoid confusion with naturally occurring vermiculites, the 
term M degraded-mica will be used here for K-depleted mica 
samples that have most of their layer charge satisfied by 
cation M. 
Mica samples exhibit relatively little hydration unless 
the mica particles are small enough to provide a large external 
surface area. By comparison, even large particles of M 
degraded-micas should be more hydrated because interlayer 
silicate surfaces are exposed by the expansion of the mica 
lattice. Information regarding the hydration characteristics 
of M degraded-mica is, however, still limited due to the lack 
of suitable mineral samples. Leonard (1966), Thompson et al. 
(1967), and Eeichenbach and Rich (1968) have prepared M 
degraded-mica samples for hydration studies but their samples 
have generally contained appreciable amounts of K (partic­
ularly the degraded-muscovites) and have not been adequately 
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described. The work of Scott and Reed (1962) and Reed and 
Scott (1966) on the K depletion of micas with NaTPB solutions 
provides the best means of preparing Na degraded-micas with 
very low K contents. Thus, similar methods involving the 
use of NaTPB were used to prepare various M degraded-mica 
samples for this hydration study. First, however, it was 
necessary to select mica samples that could yield suitable K 
depleted products. Then, having prepared M degraded-mica 
samples, the cation population, layer charge and basal spacing 
of undried portions of the samples had to be determined to 
permit the selection of suitable samples and a later inter­
pretation of their hydration properties. 
Mica Particle Size 
By using mica samples with small particle size, it is 
possible to hasten the extraction of K by NaTPB solutions and 
the subsequent replacement of Na in the degraded-mica by M. 
But, small particles of mica are attained only by grinding, 
which may alter their properties; particularly their hydra­
tion characteristics. Therefore, as an aid to the selection 
of samples for M degraded-mica preparation, samples of 
muscovlte, biotite and phlogoplte that had been ground to 
different particle size were characterized with respect to 
their weight loss on heating. 
The weight lost by heated mlfta sampless was determined 
With the TGA. unit described in the Materials and Methods, 
Approximately 6 mg of each sample was heated at a constant 
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heating rate of per minute in a static air environment. 
Figures 1-3 show the weight loss (expressed as a percentage of 
the air dry mica weight) that was observed as various particle 
sizes of muscovite, biotite and phlogopite were heated to 
progressively higher temperatures. 
The muscovite data (Figure 1) show the greatest loss in 
weight by the largest size fraction occurred at temperatures 
above 600°C, This weight change is due to a loss of struc­
tural water (dehydroxylatlon). With decreasing particle size, 
the weight loss due to dehydroxylatlon occurs at lower 
temperatures and becomes undistlngulshable from the additional 
weight loss that occurs at lower temperatures (below 300°C) due 
to physically adsorbed water. The biotite data (Figure 2) indi­
cate that only one type of water loss occurred below 900°C and 
the amount of this dehydration Increased with decreasing 
particle size. Presumably, the loss in weight by the biotite 
samples was all due to physically adsorbed water. The fact 
that 50-60 ji sample lost more weight than the 10-20 p. sample 
indicates that some very fine material had not been separated 
from the ^ 0-60 p. particles. The phlogopite samples lost more 
weight (Figure 3) than the biotite samples of comparable 
particle size, but the samples of these minerals were alike in 
that no weight loss by dehydroxylatlon was readily distin­
guished. The anomalous behavior of the <0.08 p. phlogopite 
sample may be due to structural changes induced by grinding. 
Grinding each of these micas until their particle size 
A <0.08 ja 
B 0,08 - 0.2 )X 
C 0.2 - 0.7 M 
0 0.7 - 2.0 p. 
E 2.0 - 5-0 M 
P 10 - 20 M 
6 50 - 60 M 
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B 
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n 1 1 1 1— 
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figure 1. Weight loss tram musoovite size fractions on heating 
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Figure 3. Weight loss from phlogoplte size fractions on heating 
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was less than 10 p. produced an appreciable change in their 
weight loss characteristics. The amount of adsorbed water and 
the susceptibility of the structural water to loss were both 
increased. Thus, 10 ;i was considered to be the lowest size 
limit that could be used in the preparation of M degraded-
mica for hydration studies. 
On the other hand, an upper particle size limit was 
prescribed by the length of time required to remove the inter-
layer K. With biotite and phlogopite, particles up to 6o p. 
in size can be K depleted within two weeks (Reed and Scott, 
1962), but Scott (1968) has shown that 2 years and greater 
than 3 years are required to remove the K from 10-20 p. and 
50-60 ;i muscovlte, respectively. Fortunately, it was possible 
to avoid this long period of K-depletion with muscovlte by 
using <50 M samples which were already K-depleted in another 
investigation. For uniformity, -<c50 ji samples of the other 
micas were also used. By mechanical analysis it was estab­
lished that nearly all the particles in these ^ 50 p samples 
were between 10 and 50 p in size. 
K-depletlon and Cation Saturation 
Since NaCl-NaTPB solutions have been used effectively in 
replacing the K in mica particles with Na, the most direct ap­
proach to the preparation of M degraded-mica would be to treat 
the mlftas wttTn MGI-MTPR sol uhl or». At -nresent. howe-n-er. onlv 
the Na salt of TPB is readily available. Thus, the possibility 
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of continuing to use 0,2 N NaTPB, but in a solution with 
1 M MCI, was tried. Since the concentration of M was much 
greater than the concentration of Na, such a treatment should 
have yielded essentially M degraded-mica. 
Half gram samples of <50 p. micas were degraded in 10 ml 
1 N MCl-0.2 N NaT PB-0.01 M SDTA at 25°C. The results of the 
interlayer cation exchange were evaluated by z-raying oriented 
specimens of the wet M degraded-micas while the KTPB was still 
present. Smoothed tracings of the z-ray diffraction patterns 
are shown in Figures 4, 5 and 6 for degraded-muscovite, 
-biotite and -phlogopite, respectively. The 8.0 A peak on 
each diffraction pattern is due to KTPB. Ca and Ba degraded-
muscovite were not obtained, as decomposition of TPB in the 
Ca Clg and Ba CI2 solutions could not be avoided over the long 
periods of time required to remove K from muscovite. The small 
10 A peaks In the LI and Mg degraded-muscovite indicate that 
not all K was removed. Otherwise, this treatment of mica 
particles with MCI-NaTPB solutions did expand and apparently 
remove K from the micas. 
The extent to which the M degraded-micas expanded depended 
on the mica and to a lesser extent on the cation. All the 
replacing cations expanded the degraded-muscovites to accom­
modate one layer of water in the interlayer space except Mg 
which expanded the lattice enough for two layers of water. Of 
the M degraded-biotite and -phlogopltes, all expanded to 
acccanmodate two layers of water except Ba degraded-biotite 
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4. Smoothed x-ray dlffraotometer tracings of M 
degraded-muscovite in MCl-NaTSB solution 
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Figure 6, Smoothed z-ray dlffractometer tracings of M 
degraded-phlogopite In MCl-NaTPB solution 
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which only accommodated one layer of water. It must be 
remembered, however, that some of the Na from the NaTPB may 
have been present in these degraded-mica samples. Neverthe­
less, these x-ray diffraction patterns for M degraded-mica in 
the presence of TPS, provide a basis for determining if 
subsequent treatments to remove the ETPB and cations other 
than M in the isolation of M degraded-mica samples, cause any 
change in basal spacing other than that arising from just the 
exchange of indigenous interlayer K by M. These aspects will 
be considered later in the interpretation of data obtained with 
isolated M degraded-mica samples that received other treatments 
in their preparation. 
The lack of Ga and Ba degraded-muscovite and the persist­
ence of 10 A material in the Li and Mg degraded-muscovite 
necessitated the use of another approach in the preparation of 
M degraded-muscovite. Thus, samples of <:50 p. muscovite were 
first K-depleted with NaCl-NaTPB solutions in the usual manner 
(Reed and Scott, 1966), Then, to separate the KTPB, both the 
NaCl-NaTPB treated muscovite samples and the MCl-NaTPB treated 
blotite and phlogopite samples were mixed with an excessive 
amount of 2 N NHij,Cl, and the KTPB was dissolved by adding suf­
ficient acetone to make the solution approximately 60^ acetone. 
The samples were filtered, washed with small increments of a 
0.5 N NHij,Cl - 60^ acetone solution until free of TPB, and 
washed with distilled water until free of chlorides. The next 
step was to remove the NH/^ from the resulting degraded-
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micas by heating or steam distilling a slightly alkaline solu­
tion containing the sample. Marques and Scott (I968) 
used a NaCl solution buffered with sodium phosphate at pH 8 
to remove the NHij. by steam distillation and thereby produce a 
Na degraded-mica. Since the phosphates of the divalent cations 
are insoluble, another buffer system had to be used to prepare 
various M degraded-micas. 
Solutions of Ca CO^ in contact with solid Ca CO^ were 
known to be buffered around pH 8, so the pH of various 
MCI - MCO^ systems was determined. By adjusting the concentra­
tion of MCI, the pH of the chloride-carbonate systems was then 
reduced to as close to 8 as possible. Table 3 shows the MCI 
concentrations used with solid M carbonate and the measured 
pH values achieved. 
Table 3» pH of MGl-MCO^ systems 
Cation (M) Li Na Mg Ca Sr Ba 
MCI conc, (N) 4.0 4.0 1.0 0.01 0,001 0,1 
pH 8 . 8  9 . 3  8 . 7  8 , 3  7 . 9  7 . 5  
These concentrations of M were considered adequate to re­
place the Na and NH^j, on the degraded-mica and all systems were 
buffered at a pH that should convert the replaced to NH3 
for removal as a gas. 
The NHi^-M degraded-mica samples were transferred to 
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1000 ml beakers containing 400 to ^00 ml of MCI (using the 
concentrations listed in Table 3) and an excess of MCO^ (6 
meq was nominally used). The solutions containing the 
samples were boiled until most of the NHi^ should have been 
removed. Distilled water had to be added occasionally to 
maintain the volume of solution. Then, to remove carbonates, 
the supernatant liquid was replaced with 0.1 N M-Acetate 
solution buffered at pH 5> the solution was heated to boiling 
and the degraded-mica samples were filtered while the solu­
tion was hot. The samples were leached with additional 
quantities of the acetate buffer solution (at 25°C) until the 
carbonates were presumed to be gone, leached with distilled 
water until free of excess salts and then equilibrated and 
stored in a desiccator at 50^ RS (relative humidity) and 
25°C. 
A preliminary investigation of the M degraded-micas 
prepared in this manner indicated that the Na degraded-
muscovite had a basal spacing of 9.6 A even before it was 
dried at 50% RH. Reichenbach and Rich (19^8) also noted that 
their Na degraded-muscovlte had a basal spacing of ca. 9.6 A 
but they Indicated that it must have dried during their 
1 procedure. Scott , however, indicated that Na degraded-
muscovlte prepared by the method of Marques and Scott (1968) 
was expanded to 12.3 A. Therefore, a new Na degraded-
^Scott, A. D. Ames, Iowa. X-ray analysis of Na degraded-
muscovlte. Private communication. 1968 
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muscovlte sample was prepared by the method of Marques and 
Scott (1968), In this case, 0.5 g of K-depleted (by NaCl-
NaTPB treatment) muscovlte was placed in 30 ml of 2 N 
salt solution (0.4 M Na2HPOi|-0.4 M NaH2P0j[j, solution with the 
pH and Na concentration adjusted with NaCl and NaOH additions) 
buffered at pH 8 in a 200 ml reaction flask. The suspension 
was then steam distilled at a rate of 5 ml per minute in a 
semi-micro Kjeldahl apparatus until all the NH4 was removed. 
The sample was then washed free of salts using distilled water 
and stored in a desiccator at 50^ EH and 25°C. 
It was also observed that the K level in the Ca degraded-
biotite prepared with CaCl2-NaTPB was not as low as hoped for. 
Since this was probably due to the decomposition of KTPB during 
the NaTPB treatment (as found earlier with muscovlte in 
CaCl2-NaTPB solutions), a new sample of Ca degraded-biotite 
was prepared in the same manner as Ca degraded-muscovite. 
The samples were chemically analyzed by the methods 
described in the Materials and Methods section to determine 
the content of Na, K and M. The extent to which the K-
depleted micas were converted to homoionic M degraded-micas 
is shown in Table 4. Before the interlayer cation population 
can be discussed, it Is essential to define some of the terms 
that will be used. The term "anhydrous" is used with regard 
to the Interlayer region, i.e., an anhydrous sample is one 
whose interlayer water has been removed but whose structural 
water remains. The "layer charge" of the M degraded-mica is 
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defined to be equal to the sum of the Interlayer cations. The 
"formula weight" (P. W.) of the M degraded-mica Is defined as 
the weight of the structural unit containing 24 ozygens with M 
filling all the Interlayer sites. 
The interlayer cation population In terms of milli-
equlvalents per 100 g of anhydrous sample is of limited value 
since the formula weights for the M degraded-micas vary so much 
with the cation populations. Nevertheless, these values are 
given for convenience In comparisons with similar data reported 
in the literature. In order to eliminate the effects of the 
formula weight of the sample, the M content and the layer 
charge for each M degraded-mica were calculated in terms of 
equivalents per formula weight. 
Prom Table 4, one can see that some layer charge values 
of the M degraded-micas are greater and some are less than 
those of the original micas. Except for the Mg sample, all 
the M degraded-muscovlte samples have layer charge values that 
are the same as that of muscovlte, within experimental error. 
This indicates that no charge was lost during the K removal 
and subsequent processes required to prepare and isolate the 
M degraded-muscovlte. The high Mg content of the Mg degraded-
muscovlte and -blotlte indicates the presence of an impurity 
which could not be removed from the samples. The values in 
parentheses indicate the amount of M present In the interlayer 
exchange sites. This calculation Is made by subtracting the 
N%, Na and K contents from the average layer charge for the 
degraded-mica. 
Table 4-, Cation population, layer charge and formula weights (P. W.) of the micas 
and M degraded-mlcas calculated on the anhydrous weight basis 
Mllllequlyalents/lOdg sample (anhydrous basis j 
Equlvalents/F. W, 
M M mn, Na K Z F. W. M E 
Muscovite K 221,0 19.2 240,2 807 1,78 1.93 
Deg. Muse, LI 242,9 4,3 3.8 6T9 257.5 746 1,81 1 .92  
Na 244,4 1,6 4.6 250 ,6  776 1,90 a 1.94 
Mg 916 5.9 11.6 4.4 938 754 6.9 (1.73) — 
Ca 203.9 4,9 19.2 7.9 235.9 770 1.57 1.82 
Sr 180.9 5.2 44.6 7.8 238 .5  818 1,48 1.95 
Ba 214.8 4.6 5.6 6,9 231 .1  864 1.86 2.00 
Blotlte K 190,0 20,5 210,5 926 1 .76  1.95 
Deg. Blot, LI 175.5 1T9 6 .9  3.8 188,2 862 1 .51  1 .62  
Na 185.9 1.4 — 2.9 190,2 894 1.66 1 ,70  
Mg 421 2.0 5 .1  3.3 431,4 874 3.7 (1 .63 )  
2,14 Ca 235.2 1.5 1 .7  3.1 241,5 888 2.09(1.64) 
Sr 147.0 4.3 5 .2  6 .1  162 ,6  936 1.38 1,52 
Ba 189.2 3.2 5.8 3.6 201,8 985 1,86(1,58) 1.99 
Phlogoplte K 193.0 19 .8  212,8 843 1 ,63  1.79 
Deg, Phlog, LI n.d,b 2 .7  1.4 5.2 
216 ,2  
785 n.d,(l,73) 
1 .76  Na 210,5 1,1 4.6 814 1,71 
Mg 207 .2  0,1 0,0 4,4 211,7 792 1,64 1.68 
Ca 203 .2  1,6 11.7 6,2 222,7 811 1 ,65  1,81 
Sr 161 ,0  3.1 5.7 6.3 176,1 856 1 .38  1,51 
Ba 186,0 2,8 5.1 6 ,9  200,8 896 1 .67  1,80 
arhe parenthetical values are calculated by subtracting the sum of NH24,, Na and K 
(In eq/P. W.) from 1.92, I.70 and I.78 eq/P. W. for degraded-muscovlte, -blotlte and 
-phlogoplte, respectively. 
"No data. 
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For the M degraded-blotlté samples, some layer charge 
values are greater and some less than that of the original 
biotlte. From previous work with the same biotite (Scott and 
Reed, 1962), it is known that the charge on the mineral de­
creases from 1,98 to 1,70 equivalents per formula weight during 
the exchange of interlayer K with Na. The Na degraded-biotite 
prepared in this study gave that same value. The Ga degraded-
biotite has an apparent layer charge that is slightly larger 
than l.?0 due to an excess of Ca. This indicates that the 
sample must have had a small amount of calcium carbonate re­
maining, but insufficient sample was available to verify this. 
The low value for the layer charge for Sr degraded-biotite 
and -phlogopite may be due to some of the Sr being replaced 
with H when the samples were washed with the acetate buffer 
(pH 5) to remove the carbonates. 
With the exception of the Sr sample, the M degraded-
phlogopites have nearly the same layer charge as the original 
phlogopite. This indicates that little (if any) charge was 
lost in the process of preparing and isolating the M degraded-
phi ogopites. 
The amount of K in the M degraded-mica systems was 
of the total cation population for all the samples and <2% 
for nearly half of the samples. Some of the which was 
introduced during the sample preparation was not completely 
removed, but when combined with the amount of K remaining in 
the samples, their sum was ^ 6^ of the cation populations for 
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all the samples, with the exception of the Na de graded.-
muscovite reported by Marques and Scott (1968), this repre­
sents a considerable improvement over the amounts of contract­
ing cations that have been tolerated in the M degraded-micas 
studied elsewhere. 
The Na impurity in the samples is not as critical as the 
K and NHZ}, since it does not cause the lattice to collapse under 
moist conditions. With the exception of Ca and Sr degraded-
muscovite, the Na impurity was <5^ of the cation population. 
This Na content is less than that contained in the non-
degraded micas. These amounts of Na should not alter the 
characteristics of the M degraded-micas from those due to the 
predominant M cation. 
Prom the layer charge and cation population data (Table 4) 
it was concluded that most of the M degraded-mica samples 
would be suitable for a detailed study of their hydration 
characteristics. Since the Sr degraded-muscovite contained a 
relatively large Na content (18.8^ of the total interlayer 
population) the hydration characteristics of this sample 
should be scrutinized for any--Na effects. Similarly, the 
hydration characteristics of Mg degraded-muscovite and -biotite 
should be scrutinized to see if the presence of a Mg impurity 
has an effect. 
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Sample Storage 
It has already been stated that the M degraded-micas were 
equilibrated and stored in an atmosphere with 50^ RH and at 
25°C after they were prepared. This was based on previously 
determined effects of such drying on the samples. 
There are advantages to storing samples in a hydration 
state which is relatively stable under ambient conditions. 
One of the most important is in being able to weigh out known 
quantities of sample for subsequent experiments. Valuable 
information could be lost, however, if the storage condition 
causes drying which makes the lattice contract, particularly 
if this contraction were irreversible. 
A small portion of each M degraded-mica was equilibrated 
at 50^ EH and then rewet In 1 N MCI and maintained under 
moist conditions. Smoothed tracings of x-ray diffraction 
patterns of samples equilibrated at 50^ EH and the rewet samples 
are shown In Figures 7-9. The basal spaclngs determined with 
the M degraded-micas equilibrated at 50^ AH, the samples rewet 
from 50^ EE and the undrled M degraded-micas in the presence 
of MCI and NaTPB (x-ray patterns shown in Figures are also 
compared in Table 5. The numbers in parenthesis indicate the 
highest order of reflection used to calculate the basal spacing. 
From these data it Is apparent that none of the samples equlll-
At. RM . 1 ^ 4".V*o Mo /I a_mTi oA+• A J 
to the anhydrous state. By comparison with the basal spaclngs 
observed with the M degraded-micas that were still in their 
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Degraded- muscovite 
I4.2A 
Rewet 14.4A 
.8A Rewet 
I08A 
I4.4A 
I4.5A 
507oRH 50% RH 
I4.8A 
I2.3A 6.2A 
Rewet 
Rewet 
12.3A 
I2.2A 
6.IA 50%RH 
50%RH J 
I2.0A 
I4.8A 
6.0A 
Rewet Rewet 
—A 
14.8 A 
I2.0A 
50% R H 50% RH 
14 10 6 2 14 6 
DEGREES 20 
Figure 7 Smoothed r-ray dlffractometer tracings of M 
degraded-musoovlte samples equilibrated at 
50^ HH and rewet from $0^ BH 
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Degraded-biotite 
Mg 7.2 A 
Rewet 
50%RH 
I4.5A 
No 74A 
_A Rewet 
50% RH 
14.9A 
I2.2A 
Li 6.8A 
Rewet 
I3.6A 
50% RH 
I2.2A 
J 1 I L 
14 10 
Rewet 
Rewet 
7.6A 
À 50%RH 
Co 7.8 A 
Rewet 
I5.5A 
I4.8A 
7.4A 
I 50% RH 
J I I I 
14 10 
DEGREES 2 9  
Figure 8, Smoothed z-ray dlffractometer tracings of M 
degraded-biotite samples equilibrated at 
$0% BE and rewet from ^ 0% EH 
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Degroded-phlogopite 
Mg 
Rewet 
50% RH 
I4.4A 
14,4A 
-H 
No 7.5A Rewet 
14.9A 
50%RH-
I2.0A 
I4.7A 
Li 7.4A 
Rewet 
12.2A 
50% RH 
14 
- L  i _ _  
10 
Bo 
Rewet 
50% RH 
Sr 77A 
Rewet 
74 A 
50% RH 
Co 76A 
I5.0A 
I5.4A 
I4.8A 
I | i!5.IA 
Rewet 
I4.7A 
7.4 A 
50% RH 
I I I 
6 2 14 
DEGREES 2Ô 
10 
_l L i 
6 2 
figure 9, Smoothed x-ray diffractometer tracings of M 
degraded-phlogopite samples equilibrated at 
50^ HH and rewet from $0^ RH 
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Table 5» Basal spacings of M degraded-micas under the 
following conditions: equilibrated at 50^ EE, 
rewet from ^0% RH and wet (in the presence of 
MCl-NaTPB) 
Basal Spacings (A) 
cny Tsn Rewet from Wet 
RH 50^ RH (MCl-NaTPB) 
De graded-musc ovi te 
Li 11.9 (2)* 12.05 (11) 12.2 (4) 
Na 12.3 (2) 12.2? (l4) 12.26 (9) 
Mg 14.3 (3) 14.45 (14) 14.45, (5 )  
Ca 14.7 (5) 14.8? (l4) n.d.° 
Sr 12.2 (2) 15 .20  (17) 12.3 (4) 
Ba 10.8 (1) 14.22 (10) n.d. 
- - - - - Degraded-blotite ------
Li 12.2 (4) 13 .63  (15 )  14.81 ( 6 )  
Na 12.2 (4) 14.93 (12) 14.89 (5) 
Mg 14.3 (3) 14.52 (13) 14.60 (7) 
Ca 14.8 (5) 15.23 (15) 14.95 (7) 
Sr 15 .2  (5) 15.49 (15) 14.91 (14) 
Ba 12.4 (4) 12.42 (10) 12.40 (8) 
- - - - -  D e g r a d e d - p h l o g o p i t e  -  -  -
LI 12.2 (4) 14.65 (14) 14.78 (8) 
Na 12.0 (1) 14.85 (12) 14.88 (8) 
Mg 14.4 (4) l4.4l (13 )  14.38 (8) 
Ca 14.7 (5) 15.08 (14) 14.91 (7) 
ST 14.8 (3) 15.40 (15 )  14.81 (14) 
Ba 12.2 (4) 15 .01  (13 )  14.83 (10) 
^Numbers in parentheses Indicate the highest order used to 
obtain the basal spacing. 
^No data. 
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extracting solutions (i.e., in the presence of MCI and NaTPB) 
and thus never dried, it is evident that any samples which did 
contract at EH, reezpanded on wetting. Thus it was con­
cluded that equilibrating the samples at ^0^ RH had no 
deleterious effect on the hydration characteristics of the 
samples. 
While it is evident that many of the samples are not in 
their highest hydration state at RH, the use of these 
samples in hydration studies will give data that represents 
samples that have already lost some water from their fully 
hydrated state. Moreover, it would not be feasible to char­
acterize the fully hydrated samples of many of the M degraded-
micas (e,g,, Sr and Ba degraded-muscovite) by TGA or DIA, 
because excess free water is needed to attain these fully 
hydrated states and a distinction between this free water and 
certain portions of the Interlayer water is not possible. 
In comparing basal spaclngs of the rewet samples and the 
undrled M degraded-micas that are still in contact with MCI 
and NaTPB, it is noted that, with the exception of the Na and 
Mg degraded-micas and Ba degraded-biotite, the values are not 
quite the same. Also, where these differences occur the basal 
spaclngs for the undrled samples are more nearly like the 
spaclngs for the Na degraded-mica. This Indicates an effect of 
Na (from the NaTPB) on the basal spaclngs may exist and 
emphasizes the need of having homolonlc samples when studying 
hydration characteristics of M degraded-micas. 
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X-RAY DIFFRACTION ANALYSIS 
When the interlayer K In micas is replaced by various 
cations, varying amounts of water also penetrate the interlayer 
regions. The water molecules tend to be organized in layers 
adjacent to the oxygen surfaces and coordinated around the 
interlayer cations. This arrangement of water molecules 
between the silicate layers shall be referred to as a "layer 
water complex," The thickness of the layer water complex is 
expected to change with the number of water molecules in the 
interlayer space and with the particular coordination these 
water molecules have around the interlayer cation. This 
thickness is reflected in the basal spaclngs, which are meas­
ured as the vertical distance between repeating planes of the 
crystal structure (i.e., c sin(beta)) by x-ray diffraction 
analysis. Basal spaclngs near 12 and 14-15 A indicate single 
and double layer water complexes, respectively, between the 
silicate layers. Since the stacking arrangement of these 
degraded-mica layers is not known, they shall all be considered 
IM micas. 
To determine the basal spaclngs of the M degraded-micas 
with different layer water complexes and with no interlayer 
water (anhydrous state), portions of the M degraded-mica were 
equilibrated under several moisture conditions before the x-ray 
analyses were performed. Some samples were placed In des­
iccators providing $0^, 30^ and 5^ RH. Others were dried in 
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an oven at llO^C or in a furnace at 300^0. At 300°C, dehydra­
tion of the interlayer cation should be complete but loss of 
structural water or other structural alteration (I.e., Iron 
oxidation) should be negligible. 
The samples equilibrated at particular relative humidities 
were handled In the following manner to avoid hydration and 
basal spaclngs changes during x-ray diffraction analyses. 
A small amount of sample was placed in the center of a piece of 
double sticky Scotch tape which was attached to a ceramic 
plate. In this position, the sample was placed in the appro­
priate desiccator until equilibrium was attained (usually 
less than 2 days). Before removing the sample from the des­
iccator, a piece of Handiwrap was placed over the sample and 
pressed firmly to attach it to exposed portions of the tape 
around the edge of the sample. While thus sealed from the 
room atmosphere, the x-ray analyses were performed. When there 
was no difference between the relative humidity In the x-ray 
laboratory and one of the desiccators, the Handiwrap covers 
were not used on samples from that desiccator. 
The double sticky Scotch tape was affected by heat and 
thus another sample mounting technique had to be used with 
the oven heated samples. Portions of the bulk samples (50^ RH) 
were suspended in 1 N MCI, sedimented on ceramic plates, and 
freed of excess solution by suction. These samples were then 
heated for 2 days in an oven at 110°C or in a furnace at 
300°C (equilibrium was attained in a matter of hours for many 
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of the samples). To minimize rehydration of these samples, 
they were transferred, while hot, from the oven (or furnace) 
to the sample holder, surrounded by dry air, and the z-ray 
diffractometer started immediately. Less than 30 seconds were 
required to transfer a sample from the oven (or furnace) to 
the diffractometer and to start the x-ray analysis. 
Samples saturated with Li, Mg or Sr (Sr to a lesser 
extent than the other two), which had been heated to 110*^0, 
had x-ray patterns that indicated they were rehydrating while 
the x-ray analysis was being performed. To prevent this 
rehydration, the ceramic plates with these oriented mineral 
samples were placed inside Handiwrap envelopes with one open 
end and then dried in the oven at 110°C, The Handiwrap 
envelopes were made to fit snugly over the samples and were 
sealed around the samples before they were removed from the 
oven. The effectiveness of these envelopes was determined 
with LI, Mg and Sr degraded-phlogopite, These were dried at 
110°C and x-rayed while in the sealed bag and surrounded by 
dry air. Smoothed tracings of the x-ray diffraction patterns 
obtained after particular times are shown in Figure 10. The 
time that elapsed from when the sample was removed from the 
oven to the beginning of each x-ray pattern is Indicated on 
each curve. 
The x-ray peaks of the Li and Sr samples starting 0.5 
minutes after the samples were removed from the oven, were 
fairly symmetrical and appear to provide acceptable basal 
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Li Degraded-phlogopite Mg Degraded-phlogopite Sr Degraded-phlogopite 
12.0 A 12.0 A 
.8 A 
I 14.0 A 
19 minutes 
3 minutes 
9.9 A 
10.3 A 
DEGREES 29 
minutes 
20 minutes 
17 minutes 
minutes 
13 minutes 
minutes 
8 minutes 
minutes 
minutes 3 minutes 
0.5 minutes 
0.5 minutes 
DEGREES 2 6  DEGREES 20 
Figure 10, Smoothed x-ray diffractometer tracings of Li, Mg 
and Sr degraded-phlogopites at particular times 
after removing the samples from an oven (110°C) 
53 
spacing values for the anhydrous samples. In the case of the 
Mg sample, the x-ray peak obtained after 3 minutes was still 
very symmetric. Apparently, the Mg sample was not as suscept­
ible to rehydration as the Li and Sr samples, but the envelope 
was still needed to determine its anhydrous basal spacing. 
These results show that the envelopes only slowed the rehydra­
tion of the anhydrous degraded-phiogopite but they made it 
possible to obtain z-ray patterns that were representative of 
the lOO^G-dry state. The Handiwrap envelope technique was used 
for all samples that rehydrated rapidly from 110*^0. 
No suitable material was found to make envelopes for the 
samples heated at 300®C. Fortunately, most of the samples did 
not appear to réhydraté rapidly after drying in a furnace at 
300®C. 
Using the above techniques, z-ray diffraction patterns 
were obtained with each M degraded-mica samples after they were 
equilibrated under the specified conditions. Smoothed trac­
ings of these patterns are arranged in a dehydration sequence 
in Figures 11-16, 17-22 and 23-28 for degraded-muscovlte, 
-blotlte and -phlogopite, respectively. Only the first one or 
two orders of basal reflections are shown in the figures to 
show the shapes of the peaks, namely, the symmetry, broadness 
and presence of shoulders, which aid in the interpretation of 
the data. 
For ease of discussion and comparison, the basal spacings 
for the various samples were determined from as many orders of 
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Li Degraded-muscovite 
9.9 A 
II.9A 
300 ®C 
6.0 A 
A 
I 
._A 
30% R H 
50 % R H 
2 8 4 16 14 12 10 6 
DEGREES 2d 
Figure 11, Smoothed x-ray dlffraotometer traoings of Li 
degraded-musoovite samples equilibrated under 
specified conditions 
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9.6A 
No Degraded-muscovite 
12.3 A 
300 *C 
5 7oRH 
6.2A 
30%RH 
50%RH 
2 10 8 4 6 14 12 
DEGREES 2 9  
Figure 12, Smoothed i-ray diffraotometer tracings of Na 
degraded-musoovlte samples equilibrated under 
specified conditions 
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Mg Degraded muscovite 
12.0A 
14.3 A 
5% RH 
3 0%RH 
50% RH 
16 12 14 4 10 8 2 6 
DEGREES 2# 
Figure 13, Smoothed x-ray diffractometer tracings of Mg 
degraded-musoovlte samples equilibrated under 
specified conditions 
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Ca Degraded-muscovite 9.9A 
I2.0A 
6.0 A 
I4.7A 
5%RH 
30% RH 
50% RH 
DEGREES ZQ 
Figure 14». Smoothed x-ray diffractometer tracings of Ca 
degraded-muscovite samples equilibrated under 
specified conditions 
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Sr Degraded-muscovite 
300 ®C 
IIO°C 
12.2A 
5%RH 
30%RH 
50% RH 
16 14 12 10 6 8 4 2 
DEGREES 2 9  
Figure 15. Smoothed x-ray dlffraotometer tracings of Sr 
degraded-musoovlte samples equilibrated under 
specified conditions 
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Ba Degraded-muscovite 9 sA 
1 10.8 A 
5 % R H  
14.5A 
50% RH 
16 14 12 10 8 6 4 2 
DEGREES ZQ 
Figure 16,  Smoothed x-ray dlffraotometer tracings of Ba 
degraded-muscovite samples equilibrated under 
specified conditions 
6o 
Li Degraded-biotite 
1 
300 = 0 1 \ 
ili 1 1 0 ® G  J  ^  
8A 
1, 
5% RH J\ J 30% RH J
50% RH y 
12.2 A 
L 
1 
16 14 12 10 8 6 4 2 
DEGREES ZQ 
Figure 17, Smoothed x-ray dlffractometer tracings of LI 
degraded-blotlte samples equilibrated under 
specified conditions 
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No Degraded-biotite 9.6A 
300 ®C 
0 ° C  
i2.2A 
30% R H 
50%RH 
12 16 14 10 6 8 4 2 
DEGREES ZQ 
Figure 18, Smoothed x-ray dlffraotometer tracings of Na 
degraded-biotite samples equilibrated under 
specified conditions 
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Mg Degraded-biotite 
I0.5A 
8.5A 
I4.3A 
7.2 A 
57oRH 
30% RH 
50% RH 
DEGREES 2 6  
Figure 19, Smoothed i-ray dlffraotometer tracings of Mg 
degraded-blotlte samples equilibrated under 
specified conditions 
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.9A 
Ca Degraded-biotite 
9.7A 
300 °C 
14.8 A 
IIO°C 
5% RH 
7.4A 
30% RH 
50% RH 
2 6 4 10 8 16 14 12 
DEGREES Z8 
Figure 20. Smoothed ac-ray diffraotoaeter tracings of Ca 
degraded-biotite samples equilibrated under 
specified conditions 
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Sr Degraded-biotite 
9.9 A 
I2.0A 
300®C 
I5 .2A 5%RH 
30%RH 
7.6 A 
50% RH 
DEGREES ZQ 
Figure 21. Smoothed x-ray diffract©meter tracings of Sr 
degraded-blotlte samples equilibrated under 
specified conditions 
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Bo Degraded-biotite 9.8 A 
I2.3A 
5% RH 
30%RH 
50% RH 
DEGREES Z6 
Figure 22, Smoothed x-ray dlffraotometer tracings of Ba 
degraded-blotlte samples equilibrated under 
specified conditions 
66 
Li Degraded-phlogopite 
10.2 A 
1 
1 
\l 12.2 A 
300®C y l l  J 
IIO°C 
5% Ji 
30% J V  
50% J V  
1 1 1 1 1 1 1 
16 14 12 10 8 6 4 2 
DEGREES Z 9  
Figure 23. Smoothed x-ray dlffractometer tracings of LI 
degraded-phlogoplte samples equilibrated under 
specified conditions 
9.6 A 
Na Degraded-phlogopite 
300®C 
I20A 
5 % R H  
30%RH 
50% RH 
16 14 12 10 8 6 2 
DEGREES2Û 
Figure 24. Smoothed x-ray dlffraotometer tracings of Na 
degraded-phlogopite samples equilibrated under 
speolfled conditions 
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10.2 A Mg Degraded-phIogopite 
II.6A 
I3.5A 
14.4 A 
5 % RH 
307oRH 
50% R H 
16 14 12 2 10 8 4 6 
DEGREES ZQ 
Figure 25• Smoothed i-ray diffraotometer tracings of Mg 
degraded-phlogoplte samples equilibrated under 
specified conditions 
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Co Degraded-phlogopite 
300® C 
5%RH 
30% RH 
50% RH 
10 8 
DEGREES 2B 
Figure 26, Smoothed x-ray dlffraotometer tracings of Ca 
degraded-phiogoplte samples equilibrated under 
specified conditions 
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Sr Degraded-phlogopite 
9.9 A 
300-C 
.9A 
I4.8A 
5%RH 
30% RH 
7.4 A 
50% R H 
16 12 10 14 8 6 2 4 
D E G R E E S  2 6  
Figure 27* Smoothed z-ray dlffraotometer tracings of Sr 
degraded-phlogopite samples equilibrated under 
specified conditions 
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9.9A 
Bo Oegraded-phlogopite 
300 ®C 
I2.2A 
I I O ® C  
5%RH 
30% RH 
50% RH 
DEGREES 26 
Figure 28. Smoothed z-ray dlffractometer tracings of 6a 
degraded-phlogoplte samples equilibrated under 
specified conditions 
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reflections as were available and summarized in Table 6, The 
numbers in parenthesis in the table indicate the highest order 
reflection used in determining the basal spacing, and the 
parenthetical letters m, b and _1 Indicate £trong, medium, 
broad and Interstratlfied peaks. The j. notation denotes the 
absence of rational higher orders of reflections. In the 
table, solid lines have been drawn to separate the single 
layer water complexes from the anhydrous states and broken 
lines have been drawn to separate the double layer from the 
single layer water complexes. When a sample exhibited two 
distinct basal spacings at a given relative humidity (e.g., 
Na degraded-muscovlte at 30% RH), a vertical line has been 
drawn between the two spacings. In such oases, the arbitrarily 
chosen relative humidity was very near that which would cause 
dehydration to the next lower water complex, and some dif­
ficulty was experienced in obtaining reproducible x-ray pat­
terns with these samples. 
A comparison of the data within a valence group in Table 6 
shows that at a given moisture status, the basal spacings are 
related to the size of the interlayer cation and the contract­
ing tendency of the degraded-mica. Pauling's ionic radii 
(Cotton and Wilkinson, I962) for the cations in this study are 
as follows: L1+, O.6O A; Na+, 0.95 A; K"*", 1.33 A; Mg++, O.65 A; 
Ca'*"*', 0.98 A; Sr"^, 1.13 A; and Ba**, 1.35 A. When water was 
readily available and the samples had similar degrees of expan­
sion (e.g., Mg, Ca and Sr degraded-blotlte at 50% HH), larger 
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Table 6. Basal spacing of M degraded-micas 
Basal spaolngs (A) 
M 50^ HH 30% HH 5% HH 110*0 300°G 
LI 
Na 
Mg 
Ca 
Sr 
Ba 
Degraded-mus c ovlte 
11.9(2)' 
12.3(2) 
11.9(2) 
12.31 9.6 
(4S)I (3m) 
11 J 10.0(1) 
9.6(3) 
14.3(3) _l&tP(lJ l^.oa) 1 12.0(1) 
12.0(2) 12.0(4 
14.51 10.8 
(Im)I (Is) 
12.0(2) 
12.2(2 
Tttîî 10 
9.7(113) 
9 .8 (2 )  
9.7(1 
9.9(1) 
9.9(1) 
9.6(3) 
10.1(1) 
9.9(3) 
9.6(3) 
9.8(3) 
Degraded-blotlte 
LI 
Na 
Mg 
Ca 
Sr 
Ba 
12.2(4) 
12.2(4) 
14.3(3) 
14.8(5) 
11.9(1) 
12.0(2) 
14.3(2) 
12.2 
(Im) 
11.8(1)  1 
9.7 
(Is) 
14.3(2) ! 
,__l4L.8i2)__! 11.9(1) 
! 12.1(1) 12.0(1 
12.3(3) 1 9.8(2 
10.2(1) 
9.6(3) 
12.4(1) 
11.9(2 
10.0(1 
9.8(3) 
10.0(3) 
9.6(1) 
10.5 8.5 
(lb) (1) 
9.7(1) 
. 9.9(1) 
9.8(3) 
Degraded phlogoplte 
LI 
Na 
Mg 
Ca 
Sr 
Ba 
12.2(4) 
12.0(1) 
14.4(4) 
14.7(5) 
lWi3). 
12.2(4) 
12.2(4) 
12.0(4) 
12.2(4) 
I 9.6(3) 
14.2(4) ll.J(l) 
._l4.7il)..r'11.7(1)" 
12.0(1) 11.9(1 12.0(1) (lo.ofl 
_i 
10.2(3) 
9.6(3) 
11.6(4) 
11,9(1) 
9.9(1) 
9.9(3) 
10.3(1) 
9.6(3) 
10.2(lb) 
9.9(5) 
9.9(1) 
9.9(3) 
%?he numbers in narenthmela t-h? ord?!* 
reflection used In determining the basal spacing. The letters 
in parenthesis, s, m, b and t, indicate strong, medium, broad 
and interstratified peaks, respectively. 
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cat Ions .tended to have larger basal spaclngs. These differ­
ences must be due to the space the cation Itself occupies 
within a similar structural arrangement of the Interlayer 
water. Under these same conditions of high humidity, when 
the size of the cation gets too large for this water arrange­
ment the basal spacing decreases by losing a whole water 
layer (e.g., Sr versus Ba degraded-biotlte). Even though 
there is enough water available, the large cations simply 
cannot counter the contracting force of the mineral and retain 
enough interlayer water for the wider spacing. The slight 
differences in spacing due to cation size persist when less 
water is made available by a decrease in relative humidity, 
but the maximum cation size at which the water complex 
changes from 2 to 1 and then from 1 to 0 layers is reduced. 
The smaller cations maintain their water complexes to lower 
relative humidities and higher temperatures because the 
hydration energy of a cation increases as the cation radius 
decreases. 
Comparing valence groups, the divalent cations are harder 
to dehydrate than the monovalent cations. This can be ex­
plained by the increase in hydration energy that occurs with 
an Increase in cation valence, Degraded-muscovlte (dioctahe-
dral) evidently has a higher contracting tendency than degraded-
biotlte and -phlogopite (trioctahedral) since it causes dehy­
dration of similar ..interlayer cations at higher relative humid­
ities. 
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Except for the Sr and Ba degraded-muscovltes, the de­
graded-mica samples with the same interlayer cations had 
similar basal spacings at 50^ RE. The Sr degraded-muscovlte 
had a double layer water complex when it was fully hydrated 
but only a single layer water complex remained at 50^ HH, 
whereas the Sr degraded-biotite and -phlogoplte still main­
tained double layer water complexes at this relative humid­
ity. The Ba degraded-muscovlte also dehydrated when the 
fully hydrated sample was placed in the 50^ RH desiccator. 
The broad 10.8 A peak (Figure l6) appears to be a regular 
interstratification of 11,8 A (which existed at 88^ EH, 
Figure 7) and the 9.8 A anhydrous state. This means some of 
the interlayers lost all their water while others did not. 
The small peak around l4.5 A indicates that a small portion 
of the sample remained fully hydrated. This seems a bit 
strange when the 10.8 A spacing indicated that nearly half of 
the Interlayer spaces were in an anhydrous state. 
After equilibrating at EH, a small portion of the Na 
degraded-muscovlte had contracted to the anhydrous state, while 
the rest of the Na degraded-muscovlte and all the Na degraded-
biotite and -phlogoplte maintained a single layer water 
complex. As previously mentioned, the 30^ EE was on the border­
line of not providing enough water to keep the entire sample 
from dehydrating to the anhydrous state. The existence of 
discrete 12,2 and 9,7 A peaks indicates that the change in 
hydration from double to single layer water complexes did not 
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occur by whole layers that would give an interstratified condi­
tion, but by discrete portions of the sample (e.g., whole small 
particles or edges of large particles) dehydrating to the 
single layer water complex, Ca degraded-muscovite and Sr 
degraded-biotite and -phlogopite dehydrated to their single 
layer water complexes at this degree of drying. 
After equilibrating at % RH, all the Na and Ba samples 
were contracted to their anhydrous states with the exception of 
a few layers of Na degraded-biotite. Here again, the arbi­
trarily chosen relative humidity values put the sample on the 
borderline,this time between the single layer water complex and 
the anhydrous spacing. Ca degraded-biotite and -phlogopite 
dehydrated to single layer water complexes and the double 
layer water complex of Mg degraded-phiogopite underwent a 
rearrangement similar to that observed by Walker and Cole 
(1957) for Mg vermiculite. 
By heating at 110°C, the lattices of all the Li samples 
and of the Sr degraded-biotite and -phlogopite samples were 
contracted to their anhydrous spacings. The Mg samples were 
also dehydrated to single layer water complexes. The Mg 
degraded-phlogopite, however, had a thinner single layer 
water complex than did the other Mg degraded-micas and again 
this spacing corresponded to one of the stages of dehydration 
found by Walker and Cole (1957) for Mg vermiculite. Since the 
lattices of the Mg and Ca degraded-mloa samples were not com­
pletely contracted by heating at 110°C, it can be concluded 
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that the 110®C oven dry weight basis commonly used for ex­
changeable cation calculations Is not applicable to.the de­
graded-micas . 
After heating at 300°C, most of the degraded-mica samples 
had basal spacings less than 10,0 A, which indicated that an 
anhydrous condition existed. Some of the Li samples and all 
of the Mg samples were exceptions. The Li samples all had 
larger basal spacings than were expected for the anhydrous 
state. This larger spacing» may be due to the presence of one 
molecule of water with each Li ion in the hexagonal hole in 
the silicate structure or the Li ions being located between 
the oxygen triads instead of in the hexagonal hole. The same 
explanations may be valid for the Mg samples, however, the 
broadness of the peaks and lack of rational higher orders for 
the Mg samples, indicates the presence of a randomly inter-
stratified structure. Thus, the random readsorption of water 
during the x-ray analysis to form a randomly interstratifled 
structure is probably a better explanation. The 8,5 A peak in 
the Mg degraded-blotite is similar to the unexplained 8,7 A peak 
found by Warshaw et al, (i960) in heated vermlculltes. Other­
wise, it might be attributed to the Mg impurity known to be 
in the degraded-blotite samples, 
A comparison of the various anhydrous basal spacings 
obtained with the same M but different degraded-micas suggests 
that all three degraded micas have the same thickness in their 
non-luterlayer structure. An exception to this trend is the 
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Sr degraded-musoovlte, but its basal spacing may be smaller 
than the other Sr samples because the sample has a relatively 
high Na content. The octahedral layers in dioctahedral micas 
are generally considered to be thinner than the octahedral 
layers in trioctahedral micas. Thus, the similarity of the 
silicate layer thickness observed here would indicate that 
expanding the micas allows adjustments in the octahedral 
layer. Changes in the lattice structure of micas on K-
depletion have been proposed by Leonard (I966), 
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THEHMOGRâVIMSTRIC ANALYSIS 
To determine the changes in basal spacing that occurred 
when M degraded-mica samples were dehydrated, it was necessary 
to equilibrate portions of the sample at specific hydration 
states for z-ray diffraction analysis. Since few basal 
spacings were possible, only a few specific moisture condi­
tions were needed to show these basal spacings. Problems 
occurred, however, when samples equilibrated under arbitrar­
ily chosen moisture conditions were found to be in a transi­
tional hydration state (e.g., Na degraded-muscovlte at 30^ 
RH). An additional limitation of this static approach in 
hydration studies is that it does not indicate the precise 
moisture condition at which changes in hydration occur. This 
indicates a need for a dynamic approach to further characterize 
the hydration of M degraded-micas. This can be done by 
continuously monitoring the temperature at which water is lost 
from heated samples. With this approach the number of molecules 
present at any given temperature or hydration state can be 
determined. 
Thermogravimetrlc analysis (TGA) provides a means for 
determining the loss of water as a function of sample temper­
ature. This Interpretation of TGA data can be difficult, how­
ever, if the weight loss determined by this technique is from 
sources other than interlaver water, with ««mples, 
physically adsorbed water and structural water would be the 
prime cause of additional weight loss, but their effect should 
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be negligible with the large particle size used in this study 
(see section on Selection of the Particle Size), For TGA 
studies, the initial moisture status of the sample must be 
well defined. For all the TGA work reported here, the 
degraded-mica samples were equilibrated in a desiccator at 
50;S RH and the analyses were made in a laboratory with 
humidity ranging from 30 to 50^ EH. 
When thermogravlmetric analyses are performed, careful 
selection of heating rate and sample size must be made. As 
the heating rate or sample size is Increased the temperature 
at which weight losses occur is Increased and the rate of 
weight loss with respect to temperature is decreased (i.e., 
the weight losses will be less distinct) to the point that 
weight losses occurring at adjacent temperatures are no 
longer resolvable (Scott and Harrison, 1963; Cahn and Schultz, 
1963). On the other hand, heating rates that are too slow 
require an inordinant amount of time for analysis and samples 
that are too small provide undetectable weight losses. To 
determine a suitable heating rate and sample size for this 
study, the following experiments were performed. 
Approximately 3 mg samples of Mg degraded-phlogoplte were 
weighed accurately (to the 3rd decimal place) on the electro-
balance and the sample weights were continuously recorded as 
they were heated at 5» 2 and 0.5°C per minute. Mg degraded-
phlogoplte was chosen because It loses weight over the temper­
ature range of interest in this study (i.e., 25 to 300°C). 
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A comparison of the three resulting TGA curves in Figure 29 
shows, first, that the weight losses are completed at slightly 
lower temperatures with the lower heating rates, and second, 
that the resolution of the curves is slightly greater at lower 
heating rates (e.g., note the small inflection point located 
around 70°C). The differences are small but enough to empha­
size the need to use the same heating rate for all samples 
that are to be compared. As a compromise between resolution 
and length of time required for analysis, 2°C per minute was 
selected as the heating rate for subsequent TGA work. 
To evaluate the effect of sample size on the TGA curves, 
two samples, approximately 6 and 3 mg, were weighed accurately 
and the sample weights recorded as they were heated at 2°C per 
minute. For ease of comparison, the sample weights on the 
TGA curves were transformed to the percentage basis by divid­
ing weight values from the curves by the initial weights of the 
samples and plotting the transformed values. These TGA curves 
are shown in Figure 30. Again, a small difference is noted in 
the temperatures at which the weight losses are complete, but 
the resolution remains the same. This small difference was 
not considered to be significant, and since these weights 
proved suitable, approximately 6 mg of sample was arbitrarily 
used for each thermogravimetric analysis. 
TGA curves were obtained by heating ca. 6 mg of each M 
degraded-mica (previously equilibrated at 50^ RH and 25°C) at 
a rate of 2 degrees per minute. It must be noted that the 
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A 5®C/min (2.960mg) 
B 2®C/min (3.412 mg) 
C 0.5® C/min (3.019mg) 
200 300 400 
TEMPERATURE (*C) 
Figure 29, TQA cunres for Mg degraded-phlogopite samples of 
comparable weight (Initial weight specified In pa­
renthesis) obtained with different heating rates 
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A 2®C/min{6.235mg) 
B 2®C/min O.ISOmg) 
10 0 200 300 
TEMPERATURE (»C) 
400 500 
 ^A wm A ?isurc 30. TGA currcs for Mg do—dcd-phlcscplti 
aifferent weights (Initial weight specified In 
parenthesis) obtained by heating at 2° per minute 
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arbitrary use of samples from the HE desiccator meant some 
of the M degraded-micas had already changed from a double 
layer water complex (under fully hydrated conditions) to a 
single layer water complex. The TGA curves for these samples 
must be interpreted with this in mind. To put all the TGA 
curves on a comparable basis, the sample weights on the TGA 
curves were converted to a percentage basis as previously 
described. These TGA curves for the original <50 ji mica 
samples and their respective M degraded-micas are compared 
in Figures 31-33. The original <50 P- mica samples lost very 
little weight when they were heated to 250°C. These results 
are consistent with the TGA data reported in the Preparation 
of M-degraded-mica section for 10-20 and 50-60 p. mica samples. 
Also, they mean the <50 ;i samples contained very little fine 
particles and were therefore suitable for this TGA study. 
Many of the TGA curves show a small inflection near 50°C 
or a gradual weight loss from 25 to near 50°C, before the 
major weight losses begin. The water lost up to that point 
is probably due to extra water which is not directly associated 
with the interlayer cation. The amount of this extra water 
varies and in some cases is either non-existent or impossible 
to separate from the water associated with the cation. 
The TGA curves of Li, Na, Sr and Ba degraded muscovite 
(Figure 31) show only one major weight loss (from 25 to 
300°C), This is interpreted to mean that all the water mol­
ecules in these layer water complexes had the same bonding 
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Muscovite 
Degraded -moscovite 
IciwrcMAi uKt ru) 
Figure 31, TGA curves for muscovlte and M degraded-muscovite 
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Figure 32. TG^ curves for biotite and M degraded-blotlte 
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phlogopite 
Degroded-phlogopite 
200 300 
TEMPERATURE (®C) 
Figure 33. TGA curves for phlogopite and M degraded-phlog-
oplte 
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arrangement with their interlayer cation and that more stable 
complexes with fewer water molecules did not develop as water 
was removed. This implies that these samples were dehydrated 
from their single layer water complexes. The small amount of 
water lost from the Ba sample would indicate that part of it 
was in an anhydrous form even at 50^ RS. The gradual loss of 
weight in the case of the Mg degraded-muscovite indicates that 
several layer water complexes or hydrates occurred and that 
their optimum temperature ranges overlapped or that the Mg 
impurity in the sample lost weight or interacted with the 
sample. The Ca degraded-muscovite exhibited rapid weight 
losses starting at 25 and l44°C and a gradual weight loss in 
between. This Indicates a rapid transition from the initial 
hydration state to the next lower hydrate, a slower rearrange­
ment and loss of water, and finally a rapid transition to the 
anhydrous state. 
The TGA curves of Na and Ba degraded-biotite (Figure 32) 
show only one major weight loss which is Interpreted In the 
same manner as similar curves of M degraded-muscovite. How­
ever, the Ba degraded-biotite had not been partially dehy­
drated as was the case for Ba degraded-muscovite. The gradual 
weight loss from Li degraded-biotite between 4? and 100®C 
probably occurred in conjunction with a rearrangement of water 
molecules In the single layer water complex, then the rest of 
the water was rapidly lost. The gradual weight loss on the Mg 
degraded-biotite is similar to that of the Mg degraded-mus­
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covite and the same explanation is offered. The shapes and 
interpretations of the TGA curves for Ca and Sr degraded-
biotite are essentially the same as for Ca degraded-muscovite. 
The TGA curves of the M degraded-phlogopites (Figure 33) 
are very similar to those of the M degraded-biotites, with the 
following exceptions. The TGA curve for Mg degraded-phlogopite 
has essentially the same features as the Ca and Sr curves and 
does not indicate the gradual weight loss observed with Mg 
degraded-biotite and -muscovite, A comparison of the weight 
loss curves obtained with the three Mg degraded-micas shows 
this weight loss was more gradual and Individual weight losses 
less distinct as the amount of Mg impurity in the sample in­
creased, It would appear that the TGA curves of Mg degraded-
biotite and -muscovite are abnormal and that this abnormality 
is caused by the presence of the Mg impurity. 
For a quantitative comparison of the TGA data, the temp­
eratures at which weight losses began and the amounts of water 
in the samples at these temperatures were determined (Table 7)« 
The weight of water in each sample at the specified temperatures 
was calculated as the difference between the sample weight at 
that temperature and the sample weight at the anhydrous state. 
This latter point was defined by the intersection of two lines, 
one drawn tangent to the segment of the curve representing the 
final major weight loss and the other drawn tangent to the 
horizontal segment of the curve directly following the major 
weight loss. The weights of water in the samples were then 
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Table ?• Water contents of M degraded-micas 
at specified temperatures 
Deg«-muscoyite Deg.-blotlte Peg.-phlogopite 
T(0C) EgO/u. c. T(0C) HgO/u. c. T{°C) EgO/u. o. 
Ll 25 3.60 25 3.76 25 3.58 
- 47 3.43 60 2.93 
120 2.56 100 2.42 93 2.29 
163 0.0 140 0.0 130 0.0 
Na 25 4.56 25 4.43 25 4.00 
33 3.89 53 3.99 60 3.18 
63 0.0 83 0.0 90 0.0 
Mg 25 5.18 25 6.33 25 7.19 
63 6.57 
— — 83 5.20 80 5.87 
100 3.54 122 2.90 111 2.29 
154 1.40 166 2.11 193 1.55 
240 0.0 236 0.0 238 0.0 
Ca 25 5.61 25 7.78 25 7.73 
60 3.56 90 2.73 83 3.12 
1# 2.14 140 1.76 157 1.87 
173 0.0 163 0.0 183 0.0 
ST 25 3.66 25 7.82 
25 3.74 55 4.09 62 3.71 
80 3.20 113 2.08 120 2.01 
133 0.0 133 0.0 145 0.0 
Ba 25 4.50 25 3.62 
— 57 4.11 67 3.19 
25 0.67 — — 
70 0.0 108 0.0 110 0.0 
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converted to the number of water molecules per unit cell 
(24 oxygens) to remove the effects of differing formula 
weights of the M degraded-micas. 
Prom Table 7 and Figures 31-33» two general trends are 
apparent. First, within valence groups, cations with smaller 
ionic radii retained their water to higher temperatures; 
second, the M degraded-muscovites (except when M = Na) con­
tained less water at ^0% RH than the degraded trioctahedral 
micas. The first trend Indicates that more energy must be put 
into the system to remove the water from small ions than from 
the large ions. This effect is consistent with the observation 
that smaller ions have higher hydration energies in aqueous 
solutions. The second trend indicates that degraded-muscovite 
has a stronger contracting power than the degraded trioctahe­
dral micas. This difference in contracting power might well be 
related to the layer charge densities of the degraded-micas. 
Single layer water complexes cannot accommodate more than 
about four water molecules per unit cell because of the size 
of the unit cell. From the data on Table 7 it appears that 
about two water molecules per unit cell is the lower limit. 
Double layer water complexes can evidently vary in water 
content from about 6 to 8 molecules per unit cell. 
To find out more about the stability of the various water 
complexes, the activation energies were calculated. The method 
developed by Freeman and Carroll (1958) to calculate activa­
tion energies from TGA curves was used. The main advantage to 
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their approach is that the activation energy and the order of 
reaction can be determined simultaneously. The equation they 
derived from the nth order rate equation and Arrhenius' equa­
tion is 
-E/RA(VT) _ Aln(-dW/dt) 
Aln"¥f ' "STSTTf " (D 
where £ is the activation energy, R is the gas constant, T is 
the absolute temperature (°K), Wr is equal to Wc - W, where Wc 
is the total change in weight caused by the reaction and W is 
the weight change up to time t, dW/dt is the rate of change of 
weight (W) with time (t), and n is the order of reaction with 
respect to the reactant. From equation 1, it is apparent that 
a plot of 
A(Vt) __ A In (-dW/dt) 
Aln¥f ATlHlfi? 
should yield a straight line with a slope of -E/R and an 
Intercept of -n. 
Values for AW/&T, W and T (with T in °C) were obtained 
from the TGA curves at 6.6°C intervals (3.3°C Intervals were 
used where the curves were exceptionally steep). These values 
were then converted toA'A/At (which were used for dW/dt), 
Wr and T(^K) by a digital computer which then performed the 
other mathematical operations required for a test of the above 
relation and plotted the left hand side of the relation on the 
z-axls and the right hand side on the y-axis. One example of 
the type of plot obtained is shown in Figure 34, 
In cases where distinct changes In weight were not evident 
2.0 Ba degraded — phtogopite 
Slope = 13.1 xlO^ °K 
E = 26.0 Kcal/mole of sample 
0.0 
-2.0 
 ^-40 — 
-6.0 
-ao 
-10.0-
3.0 0 1.0 2.0 4.0 50 7.0 8.0 6.0 
A( l/T) / A In (Wr ) ( l/K*) 
Figure 34. A plot of Aln(dW/dt )/Ziln(Wr) vs. A(l/T)4\ln(Wr) for the dehydration of 
Ba degraded-phiogoplte 
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in the TGA curves (e.g., TGA curve for Ng degraded-muscovite 
and -blotite) and where the sample continued to slowly lose 
weight after a major weight loss (e.g., gently sloping portion 
of the curves between the regions of major weight loss for Ca 
degraded-muscovite, Sr degraded-biotite and -phlogopite), it 
was difficult or impossible to obtain meaningful values for 
the activation energies. For this reason activation energies 
were not tabulated for Mg degraded-muscovite and -biotite nor 
for the dehydration associated with the change from double to 
single layer water complexes in any of the M degraded-micas. 
The rest of the activation energies and the orders of reaction 
are shown in Table 8, with the orders of reaction contained in 
parentheses. The activation energies were calculated in terms 
of Kcal/F. w. (formula weight) of sample, Kcal/mole of water 
and Kcal/mole of M so the effect of these three variables could 
be observed. 
To see if the activation energies were influenced by the 
method used in these calculations, another set of activation 
energies was calculated using the equation 
ln(dW/dt) = ln(A) - fî/RT + n In(WR), (2) 
where A is the Arrhenius constant and the other symbols are the 
same as described above for equation 1. This equation can be 
derived by taking the logarithm of the nth order reaction 
equation, dW/dt = K W^, after K is replaced by A ezp(-E/RT) 
from Arrhenius* equation. Chatterjee (19^5) has used equation 
2 to determine activation energies and orders of reaction from 
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Table 8, Activation energies and orders of reaction 
for M degraded-micas 
Activation energy (order of reaction) 
M Deg.-muscovite Deg.-biotite Deg.-phlogopite 
Kcal/F. W, of sample -
Li 21.1 (0.5) 30.5 (1.5) 23.8 (2.5) 
Na 16.2 (0.4) 31.0 (1.0) 48.2 (1.5) 
Mg _ 51.5 (2.0) 
Ca 60.5 (1.5) 86.0 (2.0) 52.5 (1.0) 
Sr 28.4 (1.1) 87.6 (2.0) 42.8 (1.0) 
Ba 38.7 (1.5) 20.5 (1.0) 26.9 (1.4) 
Kcal/mole of water 
Li 8.2 12.6 10.4 
Na 4.2 7.8 15.1 
Mg 33.2 
Ca 28.2 48.9 28.1 
Sr 8.9 42.2 21.3 
Ba 62.0 5.0 8.4 
- — — - - - Kcal/mole of M - — -
Li 11.8 19.9 14.0 
Na 8.7 18.5 28.0 
Mg - - 59.8 
Ca 71.2 102.7 64.0 
Sr 31.2 126.0 61.5 
Ba 42.3 21.7 31.8 
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TGA. data. By subtracting n In Wr from both sides of equation 
2, it is apparent that a plot of 
In (dW/dt) - n In(dr) vs. 1/T 
should yield a straight line with a slope of - E/R and an 
intercept of In L, According to Allison (1955) this linear 
relationship is only obtained when the correct value of n is 
used. Instead of biasing the results by using the values of 
n obtained in the previous method, several sets of values for 
the plot were calculated using arbitrary values of n that 
varied from 0.5 to 3.0 in steps of 0.5 and the results were 
plotted as shown by example in Figure 35. The set of values 
that provided the best fit to a linear relationship, specified 
the order of the reaction and was used to obtain the activation 
energy. The activation energies calculated by this method 
differed from those calculated by Freeman and Carroll's method 
by less than 10^. Since this was considered to be well within 
the limits of error for both of the methods, it was concluded 
that the activation energies were not greatly Influenced by 
the method used in their calculation. 
It was expected that cations with higher hydration 
energies (i.e., smaller ionic radii within a valence group) 
would form more stable water complexes and thus have higher 
activation energies. From the activation energies calculated 
in terms of Kcal/F. W. of sample or Kcal/mole of M (Table 8), 
this trend generally prevails with a few exceptions. When the 
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Figure 35« A plot of -(ln(dW/dt)-n In(Wr)) vs. l/T for the dehydration of 
Ba degraded-phlogoplte 
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effect of water contents of the layer water complexes is re­
moved (i.e., when S is expressed in terms of Kcal/mole of water) 
this trend is more strongly shown with the only exceptions 
being Ba degraded-muscovite and either Li or Na degraded-
phlogopite. The activation energy calculated for Ba de­
graded-muscovite is probably not comparable to the other 
values since the sample had already lost some of the water 
from its single layer water complex at RH. No explanation 
is offered for the apparent reversal in this trend in the 
case of Li and Na degraded-phlogopite. 
Another trend shown in Table 8 is that activation energies 
for the M degraded-muscovites are generally lower than those 
for the M degraded-biotite and -phlogopite. This indicates 
that the layer water complexes for M degraded-muscovites are 
generally less stable with respect to heating than are the M 
degraded trioctahedral micas. This is apparently related to 
the greater contracting power of the dioctahedral micas. 
No trends are apparent between the orders of reaction for 
the M degraded-micas. Since values for reaction orders in 
solid state systems do not have physical significance (McAdie, 
1966) nothing more can be said about these values. 
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DIFPEHENTIAL THERMAL ANALYSIS 
Differential thermal analysis (DTA) provides a means of 
determining the temperature difference between the sample and 
a thermally-inert reference material as they are heated at a 
constant rate. When an endothermic (or exothermic) reaction 
occurs in the sample, it becomes cooler (or hotter) than the 
reference material and a peak is recorded in a plot of AT vs. T. 
Energy is required to remove interlayer water from the M 
degraded-micas and the size and shape of the resulting 
endothermic peaks are affected by the amount of water and the 
nature of the interlayer cation. Thus, DTA is a useful tool 
for characterizing M degraded-micas under dynamic dehydration 
conditions. 
The positions (with respect to temperature), shapes and 
sizes of the peaks on DTA curves can also be affected by the 
heating rate and the amount of sample used (Handy^, Murray and 
White, 1949). Mackenzie and Mitchell (1957) Indicated that the 
optimum heating rate for any investigation must be a compromise 
between the low sensitivity (small peak) and high resolution 
(ability to separate adjacent peaks) obtained with slow heating 
rates, and the high sensitivity and low resolution obtained 
with high heating rates. They then recommended the rate of 
10+l^C/min as being very suitable for general work with mlca-
^Handy, R, L. Ames, Iowa. DTA techniques for soil 
minerals. Lecture notes from C.E, 563, 19o5. 
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ceous minerals. Following this recommendation and to provide 
data comparable to much of the data in the literature, a heat­
ing rate of 10°C/min was used in this study, 
David (^. 1968) indicated that a compromise between 
sensitivity and resolution is also necessary in choosing an 
optimum sample size. In general, the larger the sample the 
greater the sensitivity and the poorer the resolution. Rec­
ommendations for a suitable sample size to use with micaceous 
minerals were not available for the sample holders used in 
this study. It was found experimentally, however, that 3 to 
4 mg of M degraded-mica would give peaks with more than half 
scale deflections from the base line, and that the peaks were 
reasonably well resolved. For uniformity throughout the study, 
approximately 3 mg (weighed to four significant figures) of 
each sample was used, All samples used in this study were 
previously equilibrated at 50^ RH and while the DTA were being 
performed, the relative humidity in the laboratory varied from 
45 to 55%. 
The DTA curves obtained by heating ca, 3 mg of M degraded-
mica at the rate of 10°C/min are shown in Figures 36-38. The 
same Instrument settings were used for all samples except Mg 
degraded-muscovite (for which the AT amplification was approx­
imately doubled); thus, except for the effects of minor 
differences in sample size, the curves are comparable. The 
peak temperatures are specified in each figure for ease of 
comparison. 
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Figure 36. DTA curves for musoovlte and M degraded-muscovlte 
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Figure 37. DTA curves for blotlte and M degraded-blotlte 
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Figure 38, DTA curves for phlogoplte and M degraded-phlogoplte 
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The DTA curves for the Li, Na and Ba degraded-micas 
exhibit only one major endothermic peak. This single peak is 
due to the loss of water from single layer water complexes 
that were in these samples at RH, The Sr degraded-
muscovite gave similar results, which indicates that at this 
relative humidity, the hydration energy of the Sr ion was 
inadequate to form a double layer water complex against the 
attraction energy of the highly charged degraded-muscovite 
layers for the Sr ion. The double peak for the Li degraded-
muscovite indicates that two stable arrangements of water 
molecules exist around the interlayer Li as the sample goes 
to the anhydrous state from the single layer water complex. 
The small peak for the Ba degraded-muscovite means that there 
was only a small amount of water remaining in this sample 
after equilibrating at 50^ RH. 
The DTA curves of the other M degraded-micas have two 
major endothermic peaks. The low temperature endothermic 
peak is due to the water lost in going from double to single 
layer water complexes and the high temperature endothermic 
peaks is due to the loss of water from the single layer water 
complex. It is noted that the DTA curves of Mg degraded-
muscovite and -blotite are considerably different than the 
DTA curve of Mg degraded-phiogopite. These differences are 
considered due to the Mg impurities known to exist in the Mg 
degraded-muscovite and -blotite samples. 
The small endothermic peaks immediately preceding the 
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main low temperature endothermlc peaks (e.g., the peak 
located at 56on the DTA curve for the Na degraded-phlogopite) 
probably indicate a small loss of water that can occur without 
altering the structure of the particular water ccmplex. 
The locations of the main exothermic peaks in the DTA curves 
of M degraded-biotite and -phlogopite correspond very well 
with each other except for the high temperature peaks of the 
Ca and Sr samples. In both exceptions, the degraded-biotite 
peaks occurred at lower temperatures. No explanation is 
offered for this behavior. 
Since the temperature at which the endothermic peaks 
occur should be related to the hydration energy of the inter-
layer cation, the pegik temperatures of the high temperature 
endothermic peaks from the M degraded-micas were compared, 
For the M degraded trioctahedral micas, the temperature for 
these peaks decreased in the same order as was observed by 
Barshad (1948) and Walker and Cole (1957) with cation saturated 
vermiculites, namely, Mg'*'^Ca'*"^Sr'''^>Lit>Ba'^^>Na'*'. The peak 
temperatures for the M degraded dioctahedral mica, however, 
decreased in a slightly different order, i.e., Mg"*'^>Ca'^^>Li'^> 
Sr'*'^>Ba'*"^>Na'*'. This change in order was brought about by a 
decrease in the peak temperatures for Ca, Sr, Ba and Na 
samples, coupled with an increase in the peak temperatures for 
Mg and Li samples in going from degraded trioctahedral to 
degraded dioctahedral micas. This suggests that increasing the 
number of small cations (with high hydration energies) in the 
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Interlayer region, strengthens the layer water complex more 
than It strengthens the contracting tendency of the degraded-
mica, but Increasing the number of large cation (with low 
hydration energies) reverses the trend. 
The net amount of heat required to dehydrate the M 
degraded-micas (6H) (i.e., the difference between the energy 
required to dehydrate the cations and the attraction energies 
between the cations and the charged surface) is related to the 
area bounded by the endothermic peak and the base line (Bar-
shad, 1952; David, ca. 1968). The relation between AH and the 
area has been described by David (ca, 1968), and is expressed 
i n  e q u a t i o n  3 $  
AH = K ATdt (3) 
where K is the calibration constant for the instrument (to 
convert area to energy), AT is the temperature difference 
between the sample and the reference material, and dt is the 
time interval over which each AT persisted. The sum of each 
AT X dt is simply the area bounded by the peak and the base 
line of a DTA curve. Therefore, equation 3 can be simplified 
to AH = K Area. 
The value of K must be determined for each individual 
DTA apparatus and should be determined in the same temperature 
range as the reactions of interest. The fusion of benzoic 
acid occurs within the temperature range of interest for this 
study ( 25 to 270®C) and its heat of fusion (33.9 oal/g) has 
been used for calibration purposes before (Barshad, 1950; 
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David, ca, 1968). Thus, this reaction was used to determine 
the K value for the equipment used in this study. 
To make the area measurements, it was necessary to 
determine the location of a base line for each DTA curve, A 
horizontal line drawn through the initial point on the curve 
( i ,e , ,  at  25°C) was se lected as  the "init ia l" base  l ine .  
When this line coincided with the DTA curve after the last 
endothermic peak, it was used as the base line for all peaks. 
Otherwise, this initial base line was extended enough to 
intersect with a line drawn tangent to the low temperature 
side of the high temperature endothermic peak. Then, a line 
from this intersection point to the "elbow" of the curve at 
the completion of the high temperature endothermic peak was 
used to  complete  the  base  l ine .  
The areas enclosed by the endothermic peaks and the base 
lines were determined using a planimeter. Each area was 
measured five times and the average value was used. When an 
endothermic peak due to extra water (not considered to be 
directly associated with the interlayer cation) was separable 
from the other endothermic peaks, its area was not Included 
in the AH calculation. The areas that were excluded are as 
follows; the peak in the Mg degraded-phlogopite curve above 
the number 78, the shoulders In the curves of Na and Li de-
graded- phi ogopl te above the numbers ^6 and 78» respectively, 
and the low broad shoulders preceding the peaks on the curves 
of Ba degraded-blotite and -phiogoplte and Sr degraded-
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musco7lte. Areas were not determined for the Mg degraded-
muscovite and -biotite because the shapes and sizes of the 
peaks on the DTA curves were altered by the presence of an 
impurity. 
Separate values of AH were calculated for the dehydra­
tion associated with the change from double to single layer 
water complexes (when present) and for the loss of water from 
the single layer water complex. In Table 9, the former values 
are listed in the first columns and the later values are 
listed in the second columns. The third columns contain AH 
values for the whole dehydration process. The values in the 
second column are expected to be the most imformatlve since 
they represent the same step of dehydration for each M 
degraded-mica and the effects of extra water should be mini­
mized, The AH values were calculated in terms of Kcal/F. W, 
of sample, Kcal/mole of water and Kcal/mole of M to show the 
effects of these three variables on AH. 
The AH values calculated for the entire dehydration 
process (column 3» Table 9) were generally 2 to 5 times larger 
than the AH values calculated for the dehydration of comparable 
M-vermiculites (Keay and Wild, 1961), and 4 to 5 times smaller 
than the hydration energies of these cations in aqueous solu­
tion (Bockris, 195^)» The latter difference is at least 
partially due to the AH values including not only the hydration 
energies of the cations but also the contracting energy of the 
mica lattice. 
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Table 9, AH values calculated for the dehydration of 
M degraded-micas 
Deg.-muscovlte Deg.-blotlte Deg.-phlogoplte 
M 12 3 12 3 12 3 
- - - - - - - - -  K c a l / P ,  W .  o f  s a m p l e  - - - - - - - - -
Ll 39.8 39.8 57.1 57.1 45.6 45.6 
Na 48.1 48.1 74.4 74.4 69.6 69.6 
Mg 71.1 19.4 90.5 
Ca 72.0 28.4 100.4 86.1 20.4 106.5 89.0 20.2 109.2 
Sr 53.1 53.1 113.0 27.0 140.0 74.2 24.3 98.5 
Ba 9.9 9.9 67.9 67.9 59.7 59.7 
Kcal/mole of water -
Ll 11.2 11.2 15.2 15.2 15.6 15.6 
Na 12.4 12.4 18.6 18.6 17.5 17.5 
Mg M 16.6 8.5 13.8 
Ca 20.7 13.3 17.9 14.4 11.6 13.6 17.1 10.8 14.2 
Sr 14.2 14.2 17.2 13.0 16.2 12.8 12.1 12.6 
Ba 14.8 14.8 16.4 16.4 18.8 18.8 
Kcal/mole of M - - -
Ll 22.4 22.4 37.2 37.2 26.3® 26.3 
Na 25.7 25.7 44.3 44.3 40.5 40.5 
Mg M 86.2 23.5 109.6 
Ca 92.9 36.6 129.5« 105.0® 24.8*129.9* 108.5 24.6 133.6 
Sr 58.1^ 58.1® 164.9 39.4 204.2 107.5 35.2 142.7 
Ba 10.8 10.8 71.7® 71.7® 70.6 70.6 
®These values were calculated using parenthetical values 
In Table 4. 
1. AH for the dehydration from double to alngle layer wa.'^er 
ci^plexas 
2. for the dehydration of the single layer water complex 
3» AH for the overall dehydration process 
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The only general trend apparent In Table 9 is the increase 
in net energy required to remove the H2O from the single layer 
water complexes (column 2) when progressively larger interlayer 
cations were present (within valence groups). Even with Ba 
degraded-musoovite, which was partially dehydrated at 50^ HH, 
the trend exists when AH is calculated in terms of Kcal per 
mole of water. This trend was not expected because smaller 
cations have larger hydration energies in aqueous solution 
(Bockris, 195^) and have been found to have larger net hydra­
tion energies (AH) in vermiculites (Barshad, 1952; Keay and 
Wild, 1961). These differences could be attributed to the 
effect of the high charge of the M degraded-micas, but the 
previously observed trend of the temperatures at which the 
peaks occurred seems to contradict these results. The explana­
tion for these differences, and for the possible contradiction 
of the data, is not presently available. 
Keay and Wild (I961) and van Olphen (19^5) found that 
less energy was required (per mole of water) to remove water 
from the double to single layer water complexes of cation 
saturated vermiculites than to dehydrate the single layer 
water complexes. The AH vèlues (Kcal/mole of water) in Table 
9 indicate that this was not the case with the M degraded-
micas, in fact, the data indicates that the opposite was true. 
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ONS-DIMENSIOML STRUCTURAL ANALYSIS 
Mica particles of adequate size for single crystal struc­
tural analysis are easily obtained from naturally occurring 
mica deposits. Consequently, the crystal structure of mica 
has been studied in great detail and used in the structural 
interpretation of x-ray diffraction data for fine grained layer 
silicates. Similarly, the methods and results of crystal 
structure analysis with macro and fine grained mica samples 
provide a means of evaluating the structural alterations that 
occurred in the preparation of M degraded-mica samples. 
In the preparation of M degraded-micas the major struc­
tural change occurs along the z-axia with the replacement of 
K by the other cations (M) and water. Many important 
properties are related to the location of M in the inter-
layer; for example, the thickness of the various layer 
water complexes, the temperature at which water is lost, 
the energy required to remove various portions of the inter-
layer water and the susceptibility of M to exchange. Thus, 
it is important to know the location and coordination of 
M in the interlayer region. 
In the preparation of M degraded-mica, the particle size 
of the mica was reduced to <^0 so the K could be replaced in 
a reasonable time. Particles of this size are too small to use 
as single crystals In a y-dlmciisloiial str-ucitural aiialyais, buv 
because of their platy nature, they are easily oriented for a 
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one-dimensional structural analysis along the z*axis (the 
axis perpendicular to the x-y planes. Even though limited 
structural information can be obtained from a one-dimensional 
analysis, it should indicate the location of the cation (M) 
and the water molecules in the interlayer region. 
Detailed derivations and theoretical information on one-
dimensional structural analyses are given in Lipson and 
Cochran (1957) and Buerger (I960). Only sufficient detail 
will be given here for clarity of the text. Structural 
analyses indicate the location of various atomic or ionic 
species by the probability of electrons being at that loca­
tion, hence electron density functions are used in the 
analysis. The general formula for the one-dimensional electron 
density function, Ç{z), is 
P(z) = K £ P(OOL) exp(-2iTiLz) (4) J,- —«o 
where K is a constant (inversely related to the length of the 
unit cell in the z-direction), P(OOL) is the structure factor, 
i is the imaginary number, L is the Miller index for the 
reflection, and z is the position along the z-axis of the 
crystal (as a fraction of the unit cell). When there is a 
center of symmetry in the crystal, as is the case for mica 
(e.g., P(OOL) = P(OOî) equation 4 can be simplified to 
P(z) = 2K 2 P(OOL) cos(2nLz). (5) 
Before the electron density function can be calculated 
from equation 5 and plotted as a function of z, a series of 
values for L and P(OOL) are needed. The value of K need not 
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be known because relative values of the function give the same 
Information, The absolute values of F(OOL), denoted as 
|F(OOL)l g can be obtained from x-ray diffraction intensity-
data by 
IF(OOL)i = A (I(OOL)/Lp)^, (6) 
where I(OOL) is the intensity of the Lth order reflection, 
Lp is the combined Lorentz and polarization factor and A is a 
correction term for the intensities. As with K, the value of 
A is not needed for the analysis. The value for P(OOL), when 
L is zero, also need not be known. The Lp factor for single 
crystals ({1+cos 29)/sin9) was used because well oriented 
micaceous minerals have diffraction effects more similar to 
single crystals than to randomly oriented powders. 
Before signs can be given to the IF(OOL)l calculated 
from equation 6, it is necessary to calculate a set of 
theoretical structure factors from a model. The IF(OOL)l 
are then given the sign of the theoretical structure factors. 
The theoretical structure factors are obtained from the fol­
lowing equation 
F(OOL) =1 \f^cos (2-îTrZj^) (?) 
where is the number of atoms of type m per unit cell, 
fja is the atomic scattering factor for the m^^ atom, is the 
position (in Angstroms) of the m^^ atom along the z-sais and 
r (= 2 sinô/^) is the reciprocal space coordinate along the 
2=azis (Buerger, 1960| Cole and Lancucki, 1966), 
To obtain the x-ray diffraction intensity data required 
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for the one-dimensional structural analysis, a sample of each 
M degraded-mica (equilibrated at 50^ BH) was suspended in a 
1 K MCI solutior- to be sure the mineral was fully hydra ted 
and cation saturated. A subsample of each suspension was 
sedimented on a porous ceramic plate (the excess solution was 
removed by suction) and smoothed with a spatula to Improve 
orientation. The x-ray diffraction analysis was then performed 
with these samples while they were surrounded by water 
saturated air. The intensities of as many diffraction 
maxima as possible (from 10 to 1? orders of reflections) were 
determined by measuring the peak heights on the x-ray charts ^  
and converted to 1P(00L)I by using equation 6, 
In addition to the intensity data, the positions of the 
peaks in the x-ray diffraction patterns (in degrees 20) were 
recorded to obtain an accurate estimate of the basal spacing. 
Values for the basal spacings were calculated from the degrees 
26, using Bragg*8 equation, nJi = 2d slnô, and since the 
z-axls is not perpendicular to the x-y plane, the basal spacing 
is the length of c sin(beta), where beta:is the angle between 
the X- and z-axes. The calculated values of P(OOL) and 
c sln(beta) are tabulated in Appendix Tables 1 to 21, along 
with values of ^(cos^f/sln^ + cos^ô/ô) needed for the extrapola­
tion technique of Nelson and Riley (19^5). The c sln(beta) 
values for each diffraction order were plotted against 
|(cos^Vsln« + cos2@/e) and a line drawn through plotted points 
was extrapolated to 0=180° (for the latter function). The most 
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accurate value for c sinCbeta) was the value on the c sln(beta) 
axis intersected by the extrapolated line. 
Models for each M degraded-mica were needed before values 
of the theoretical structure factors could be calculated. For 
clarity and brevity in discussing the models necessary to make 
the above calculations, the non-interlayer portion of the mica 
and M degraded-mica structures shall be referred to as the 2:1 
layer. Models for the 2:1 layer of the M degraded-micas were 
patterned after the chemical compositions of the respective 
micas (as indicated in the Methods and Materials section) and 
after the structural analysis reported by Radoslovich (I96O), 
Donnay and Morimoto (1964) and Steinfink (1962) for muscovite, 
biotite and phlogopite, respectively. For the interlayer por­
tion of the model, values of 1.86, 1,95» 1.7^ and 1,79 equiva­
lents per unit cell were used to calculate the values of for 
the cations in original and degraded-muscovite, original 
biotite, degraded-biotite and original and degraded-phlogopite, 
respectively. For the location of the interlayer cations, 
it was assumed in the models that the cation was either midway 
between the 2:1 layers or close to the tetrahedral sheet of 
one of the 2:1 layers. values for interlayer water came 
from weight loss determinations for Li, Na and Mg degraded-
muscovites, Mg and Ba degraded-biotite and Mg degraded-
phlogopite. Because of the problems in separating free water 
from cation held water, it was impossible to accurately 
determine the amount of Interlayer water in the other fully 
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hydrated M degraded-micas. Therefore, estimates of the 
water contents were made from known water contents for M 
degraded-micas and from geometrical considerations, and used 
to calculate the values of for these other samples. The 
interlayer water was placed between the centrally located 
cation and the tetrahedral sheet (of the 2:1 layer) when 
c sin(beta) was large enough for two layers of water and in 
the same plane as the centrally located cations when c sin 
(beta) was only large enough to accommodate one layer of 
water. When the cation was located adjacent to the tetrahedral 
sheet the water was placed in the center of the inter layer 
space. The size of the cations and water molecules were 
taken into consideration when these assumed models were 
fabricated. The center of the octahedral layer was chosen 
as the origin for the structure factor calculations (i.e., 
the point at which = 0). 
Using Njji and z-^ values calculated from the models 
indicated above and atomic (or ionic when given) scattering 
factors from Cromer, Larson and rfaber (1963), a set of theo­
retical structure factors was calculated by equation 7, The 
signs of the theoretical structure factors were then assigned 
to the corresponding IF(OOL)l. The electron density functions 
were calculated using equation 5 and values of z that increased 
in increments of 1/100^^ of a unit cell, and plotted by the 
computer. When different electron density curves were ob­
tained with the different models for a particular M degraded-
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mica, the one describing the 2:1 layer portion as being most 
like that of the original mica, was chosen as the correct curve. 
The selected electron density curves for the original micas and 
the M degraded-micas are shown In Figures 39-41. Since 2si 
layer portions of the electron density curves for Na and Ga 
degraded-muscovite were the same as those obtained with Li 
and Mg degraded-muscovite, they were omitted to simplify the 
figure. Any differences between the 2:1 layer portions of 
the original and M degraded-mica curves (particularly the Ba 
degraded-muscovite curve) were considered to be due to the 
different resolutions that were possible with the different 
numbers of intensity data available for analysis. 
The ionic and molecular components located at the points 
of highest electron density are shown on the figures. The 
verticle broken line indicates the outer surface of the 
tetrahedral sheet of the 2:1 layer. The horizontal line seg­
ments drawn under each of the interlayer peaks and under the 
location of the outer ozygen layer of the 2:1 layer, represent 
the size of the cation or water molecule occupying the position. 
Pauling*s ionic radii were used for determining the length of 
the line segments. The locations (in Angstroms) and numbers of 
ions or water molecules per unit cell at these locations are 
tabulated in Table 10. 
Li, Na and Ba ions between the layers of degraded-mus-
covite (Figure 39) are adjacent to or imbedded in the tetra­
hedral layer rather than in the center of the interlayer 
Figure 39» Electron density curves for muscovite and 
M degraded-muscovlte 
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Figure 40. Electron density curves for biotlte and 
M degraded-blotlté 
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Figure 4-1. Electron density curves for phlogopite and 
M degraded-phlogopite 
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Table 10. Locations and numbers of ions or molecules 
In micas and M degraded-micas 
Muscovite Biotite Phlogopite 
and and and 
Peg,-museovite Peg.-biotite Peg.-phlogopite 
Number®'Location^ Number location Number Location 
Ion or 
Molecule 
A1 3.48 0.0 M 0.77 0.0 
Pe 0.40 0.0 3.17 0.0 0.69 0.0 
Mg 0.31 0.0 2.47 0.0 4.45 0.0 
0, OH 12.0 1.06 4.00 0.99 4.00 1.07 
0 M 8.00 1.09 8.00 1.14 
Si 5.68 2.74 6.07 2.76 4.91 2.83 
A1 2.32 2.70 1.93 2.76 3.09 2.83 
0 4.00 3.24 — 
0 8.00 3.36 12.0 3.40 12.00 3.40 
K 1.78 5.0 1.76 5.00 1.63 5.0 
Na 0.15 5.0 0.19 5.00 0.16 5.0 
Li 0.90 5.5 0.76 4.6 0.86 5.2 
H2O - — — -3 6.1 
H2O 1.8 6.5 -2 6.5 --1 7.3 
Na 0.95 4.4 1.66 7.5 1.71 7.5 
H2O 4.6 6.1 ~3 6.1 -3 6.1 
Mg 0.86 7.2 0.82 7.3 0.82 7.2 
H2O 2.6 6.1 3.2 5.7 3.6 5.7 
Ca 0.78 7.4 0.82 7.6 0.83 7.5 
Na 0.15 7.4 — — 
H2O -2 6.1 7.6 -2 6.5 
H2O —2 5.6 ~3 6.1 -2 5.6 
Sr 0.74 7.6 0.69 7.7 0.69 7.7 
Na 0.36 7.6 — 
H2O ~2 6.5 -3 7.7 -3 7.7 
H2O -2 5.7 -3 6.1 -~3 6.2 
Ba 0.93 5.4 0.78 5.1 0.84 5.3 
H2O 7.1 4.5 6.2 -3 6.7 
H2O - - - - ^1 8.3 
^Number of ions or molecules per unit cell. 
^Lccatlcns of the ions or molecules (in on a 
line perpendicular to the z-y plane, using the center of the 
octahedral layer as the reference point. 
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region. In this location they are only hydrated on one side. 
It is possible that the Li ion is imbedded in the silicate 
layer but the number of electrons associated with the Li 
nucleus is too small to cause even a shoulder in the electron 
density curve. In the case of the Li sample the water mole­
cules appear to be partially imbedded in the tetrahedral layer 
on the opposite side of the interlayer space from Li. The 
electron density curve for the Mg degraded-muscovite is 
similar to that described by Walker and Cole (1957) for Mg 
vermiculite, with Mg in the middle of the interlayer space and 
a layer of water on both sides of the Mg. More refined work on 
Mg vermiculite (Mathieson and Walker, 1954; Shirozu and Bailey, 
1966) has placed the interlayer Mg in octahedral coordination 
with water molecules. It is probable that Mg in the degraded-
muscovite is similarly coordinated with water. The Ca and Sr 
ions are also located in the middle of their respective inter­
layer spaces in degraded-muscovite but the water is located in 
two positions between the cation and the tetrahedral sheet, A 
dodecahedral arrangement of water molecules around the cations 
would account for these observations. 
The Li and Ba ions between the layers of degraded-biotite 
(Figure 40) are imbedded in the tetrahedral sheet similar to 
the Na and Ba in degraded-muscovite. In the Li sample, the 
water molecules are slightly displaced from the center of the 
interlayer space towards the imbedded Li ions. In the Ba 
sample, the water molecules are located in the middle of the 
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interlayer space, and the interlayer thickness is equal to the 
diameter of a water molecule. The Na, Mg, Ca and Sr ions are 
located in the middle of the interlayer regions of the degraded 
biotites but the locations of the water molecules vary. In 
each case a layer of water molecules exists between the cation 
and the tetrahedral layer, but the broadness of the central 
interlayer peak for the Ca sample, and the extra height of the 
central interlayer peak for the Sr sample indicate the presence 
of water molecules in the same plane as the cations. The Na 
and Mg ions in degraded-biotite are probably octahedrally 
coordinated with water molecules like Mg in Mg vermiculites 
but the electron density curves of the Ca and Sr samples can 
best be explained by a nine-fold coordination of water mole­
cules around the cation. That is, with Ca or Sr, three water 
molecules are located between the cation and the tetrahedral 
sheet, on both sides of the cation, and the remaining three 
water molecules are located in a "belt" around the cation, in 
the same plane as the cation. Nine-fold coordination complexes 
of this nature are common for the rare earth metals (Cotton and 
Wilkinson, I962),  
The electron density curve for Li degraded-phlogopite 
(Figure 41) is difficult to interpret. The location of the Li 
ion given in the figure is in line with the location of Li 
found in the degraded-museovite and -biotite, but the curve 
could also be interpreted to indicate that LI is in the middle 
of the interlayer region and water molecules are located in 
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2 layers between the Li and the tetrahedral sheets. The Ba . 
Ions are imbedded in the tetrahedral layer of the degraded-
phlogopite with water molecules located in two planes one on 
each side of the interlayer region. The Na, Mg, Ca and Sr 
ions are all located in the middle of the interlayer regions 
of the degraded-phlogopites. The locations of the water 
molecules for the Na and Mg samples are similar to those dis­
cussed for Na and Mg degraded-biotites suid the water locations 
for the Ca and Sr samples are similar to those discussed for 
Ca degraded-muscovite and Sr degraded-biotite, respectively. 
The particular configuration of water around the inter­
layer cations in the interlayer region is dependent on the 
size and charge of the interlayer cation and the contracting 
energy of the lattice. A delicate balance probably exists 
between the energy of formation of the various coordination 
complexes and the contracting energy of the degraded-micas. 
For example, the water molecules appear to be in an 8-fold 
(dodecahedral) coordination around Sr in Sr degraded-muscovite 
but in a 9-fold coordination around Sr in Sr degraded-biotite 
and phlogopite. The hydration energy and the size of the 
cation is the same in both cases, but the difference in con­
tracting energy between the degraded dioctahedral and triocta-
hedral micas makes a difference in the coordination complex 
that is stable. 
128 
GENERAL DISCUSSION AND CONCLUSIONS 
Degraded-muscovlte 
The 11,9 A basal spacing for the Li degraded-muscovite 
(50-5^ HH) is comparable to the 12,0 and 12,1 A spacings ob­
tained by Leonard (I966) with two Li degraded-muscovites which 
had been equilibrated at 35^ RS. Since all three basal spac-
ings were obtained from only two orders of reflections, the 
differences between the values are not considered significant. 
The thickness of the single layer water complex was 2,4 A 
(11,9 - 9.5 A, where 9,5 A is the thickness of the 2:1 layer 
for muscovite) which is less than the diameter of a water 
molecule (ca, 2,8 A), This indicated that the water associated 
with Li in the interlayer region was imbedded in the tetra-
hedral sheet, a fact which was corroborated by the 1-D (one-
dimensional) structure analysis. 
The water content of the single layer water complex for 
Li degraded-muscovite gradually decreased from 3,6 to 2,6 
H2O/U, c. (water molecules per unit cell), or 2,0 to 1,4 
H2O/LI (water molecules per Li Ion) as the sample was heated 
from 25 to 120°C, When the water content was reduced to less 
than 2.5 H2O/U. c, (1,4 B^O/Ll) by heating, the single layer 
water complex was no longer stable and the TGA (thermogravl-
metric analysis) curve showed that the remaining water was lost 
very quickly. The DTA (differential thermal analysis) curve, 
however, had a double peak which corresponded to the loss of 
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the last 2,6 H2O/U. c. This implied that another water complex, 
containing less than 2.6 H2O/U. 0., was stable over a very-
small temperature range. In this case, DTA was evidently more 
sensitive than TGA. 
The anhydrous basal spacing of the Li degraded-muscovite, 
9.9 A, compares with 9.8 A and 9.7 A spacings observed by 
Leonard (I966) for two Li degraded-muscovites (350*^C) and the 
differences are not considered significant. The 9.9 A spacing 
was larger than would be expected if the Li ions were located 
in the hexagonal holes or between oxygen triads in the tetra-
hedral sheets. One possible explanation for this spacing is 
that water molecules are retained in some of the hexagonal 
holes as the layers contract. Water molecules are the appro­
priate size to cause the 9,9 A spacing. 
The 12.3 A basal spacing for Na degraded-muscovite 
(100-30# BH) is the same as t^at found by Scott^ for Na 
degraded-muscovite (100# RH) but differs appreciably from the 
9.67 A spacing for Na degraded-muscovite (110# HH) prepared 
by Heichenbach and Rich (I968). Heichenbach and Rich (I968) 
Indicated that their sample must have dried during their pro­
cedure for the lattice to contract. Preliminary work con­
nected with this study, however, showed that Na degraded-
mudcovite can contract to its anhydrous state while being 
•'"Scott, A, D, Ames, Iowa. X-ray diffraction data on Na 
degraded-muscovite prepared by Marques and Scott (I968),  
Private communication, 1968, 
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boiled in a 4 N NaCl solution buffered near pH 8. The high 
tendency to contract was also indicated by the partial con­
traction of the lattice at 30^ RH. 
The water content of the Na degraded-muscovite (50^ RH) 
was 4.56 H2O/U. c. If each water molecule is assumed to cover 
10 of space, the water molecules cover 4-5.6 of the 45,9 
available per unit cell. This indicates that the Na ions 
cannot exist in the center of the interlayer region, but that 
they must be imbedded in the hexagonal holes in the tetrahedral 
sheet. This location for the Na ions was corroborated.by the 
1-D structural analysis. The location of Na in the hexagonal 
holes coupled with the low hydration energy of the Na probably 
explains the difficulty in maintaining Na degraded-muscovite 
in a hydrated state. 
The anhydrous basal spacing for Na degraded-muscovite, 
9.6 A, is close to the thickness of the 2:1 layer for muscovite 
(9.5 A), and is the expected spacing with the Na ions imbedded 
in the hexagonal holes in the tetrahedral sheet. 
The 14.45 and 14.3 A basal spacings for Mg degraded-
muscovite (100 and ^0% RH, respectively) are comparable to 
the 14.3 A spacing found by Helchenbach and Rich (1968) for 
Mg degraded-muscovite (100# RE); and the l4.0 A spacing for the 
Mg sample (30 - BH) was comparable to the l4.1 A spacings 
found by Leonard (1966) for two Mg degraded-muscovltes (35# 
RH). There is no significant difference between the 14.45 and 
14.3 A spacings nor between the 14.1 and l4.0 A spacings, but 
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the difference between 14.4^ and l4.0 A is considered to be 
real. It was Impossible to verify this difference by TGA or 
DTA because of the impurity in the sample. Nevertheless, It is 
considered that some water was lost on drying to 30^ and 
with this loss the double layer water ccaiplex undergoes a 
slight rearrangement which results in the smaller spacing. 
The basal spacings of the Mg degraded-muscovite obtained 
after heating at 110°C (single layer water complex) and 
300°C (anhydrous state) were discussed in the section on 
x-ray diffraction analysis. Since the TGA and DTA informa­
tion on this sample is in question, the hydration status of the 
interlayer Mg under these conditions will not be discussed 
further. Even though the impurity in the sample affected the 
TGA and DTA, it did not have diffraction peaks that interfered 
with those of the sample and apparently did not interact with 
the sample. Therefore, the basal spacings obtained are con­
sidered to represent the true basal spacings of a Mg degraded-
muscovite. 
The 14.7 A basal spacings for Ca degraded-muscovite 
(50^ HH) is comparable to the 14.79 spacing found by Reichen-
bach and Hich (I968) for Ca degraded-muscovite (100^ HH). The 
difference between the s pacings is not considered to be 
significant. The thickness of the double layer complex is 
5.2 A (l4.7 - 9*5 A) which is comparable to the 5.19 A thick­
ness calculated for a Ca - 6 H2O complex where the water 
molecules are octahedrally coordinated around the Ca ion. 
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The thickness of the double layer complex and the water con­
tent of 6,6 H20/Ca are strong evidence that Ca is octahedrally 
coordinated with water in the interlayer region. This conclu­
sion is different than that stated for the fully hydrated Ga 
degraded-muscovite (14,87 i. basal spacing) in the 1-D 
structural analysis section. The fully hydrated sample evi­
dently coordinates more water around the Ca ion and this has a 
different type of coordination. 
The 12,0 A basal spacing for Ca degraded-muscovite (30# 
RH to 110°C) is the same as the spacings observed by Leonard 
for two Ca degraded-muscovites (35# BE), The difference 
between the apparent thickness of the single layer water 
complex and the diameter of a water molecule indicates that 
the water molecules in the water complex were imbedded in the 
tetrahedral sheets. The water content of the single layer 
water complex gradually decreased frœn 3,6 to 2,1 H^O/u, c, 
(4,2 to 2.5 H20/Ca) as the sample was heated from 6o to l44°C. 
To meet the specifications of thickness and water content, 
the water complex must be composed of a hexagonal array of 
water molecules located in a plane above the cations (Si or 
Al) in the tetrahedral sheet. The Imbedding of water molecules 
in the oxygen triads would account for the apparent thinness 
of the water complex and with Ca ions located in half of the 
hexagonal holes, there would be an average of 4 H20/Ca, which 
is similar to the 4,2 H20/Ca that are observed. Furthermorej 
the loss of the unshared water molecules from such an arrange-
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ment would leave an average of 2 H20/Ca which is close to the 
2,5 H^O/Ga that are observed. It is concluded that the single 
layer water complex for Ga degraded-muscovite Is composed of 
this hexagonal array of water molecules with Ga ions filling 
approximately half of the hexagonal holes. 
The 9.9 A spacing for Ca degraded-muscovite (300®C) is 
the same as that found by Leonard (1966) for two Ca degraded-
muscovltes (350°C). This spacing Is 0.3 A larger than the 
spacing for anhydrous Na degraded-muscovite and Is the ex­
pected spacing with Ca ions Imbedded in the hexagonal holes 
In the tetrahedral sheet. 
The 15.20 A basal spacing for fully hydrated (rewet from 
50^ HH) Sr degraded-muscovite is larger than the 13.1-11.5 ^ 
spacings found by Reichenbach and Rich (I968) for Sr degraded-
muscovite (100^ RH), When they rewet a portion of their 
sample that had been air dried, it had a spacing of 12.3 A, 
which was still not comparable to the 15.20 A spacing frcm this 
study. No explanation is given for this difference. 
The 12.2 A basal spacing for the Sr degraded-muscovite 
(50-30^ HH) is comparable to the 12.2 and 12.4 A spacings 
found by Leonard (1966) for two Sr degraded-muscovites 
(35^ RH). The thickness of the single layer complex, 2,7 A, 
is very similar to the diameter of water (2,8 A), This 
similarity indicates that the water in the single layer water 
complex was not imbedded appreciably in the tetrahedral sheet. 
This suggests that the water molecules do not have the same 
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systematic relation to the tetrahedral sheet that the water 
molecules in the single layer water complex of Ga degraded-
muscoTite have. 
The water content of the single layer water complex for 
Sr degraded-muscovite gradually decreased from 3.7 to 3.2 
H2O/U. c, (4.1 to 3.5 HgO/Sr) as the sample was heated from 
25 to 80°C. The presence of about 4 HgO/Sr suggests a 
similarity between the single layer water complexes of Sr and 
Ca degraded-muscovite, but the Sr-water complex was not stable 
below 3.5 EgO/Sr while the Ca-water complex persisted to 2,5 
H20/Ca, The structure of the single layer water complex for 
Sr degraded-muscovite is not known, but it must be a close 
pack arrangement to locate 4.1 water molecules at ca. 10 
A^/H20, 0.73 Sr ions at 4.0 A^/Sr and O.36 Na ions at 3.1 
A^/Na (total of 45.0 a2) in one unit cell of 45.9 A^. 
The 9.6 A basal spacing of the anhydrous Sr degraded-
muscovite is the same as that observed by Leonard (1966) for 
his Sr samples, but is lower than expected in canparison 
with the spacing of the anhydrous Ca degraded-muscovite. 
The 9.6 A spacings might be attributed to.the presence of the 
Na Impurity in the samples, since the basal spacing of the 
anhydrous form of a Sr degraded-muscovite (5O-60 ;i), which 
contains less than half as much Na as the sample in this study 
(Smith^), was 10.1 A. However, the other basal spacings and 
^Smlth, S. J. Ames, Iowa. X-ray diffraction data on Sr 
degraded-muscovite. Private communication. 19^9. 
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the TGA and DTA curves of the Sr sample in this study and the 
3r sample prepared by Smith were practically identical. Thus 
it was concluded that the Na impurity had little effect on 
the characteristics of the Sr degraded-muscovite when water 
was present in the interlayer region. 
The Ba degraded-muscovite is quite different from the 
Mgj Ca and Sr degraded-muscovites. The 14.22 A basal spacing 
for the fully hydrated Ba sample indicated that the layer 
water complex was only 4,7 A thick which compares with 5«6 A 
for the thickness of two layers of water and 5.55 A for the 
thickness of a Ba-water complex containing 6 water molecules 
octahedrally coordinated around the Ba. The 1-D structural 
analyses showed that the double layer water complex of Ba 
degraded-muscovite was composed of Ba ions imbedded in the 
tetrahedral sheets and a layer of water molecules in the 
middle of the Interlayer space. This indicates that even 
in the presence of excess water, Ba does not have sufficient 
hydration energy to have higher coordination complexes with 
water in the interlayer region of degraded-muscovite. 
The l4,5 A basal spacing for Ba degraded-muscovite 
(50# RH) is evidence that a small portion of the sample 
maintained its fully hydrated status, while the rest of the 
sample lost water. The major basal spacing after equilibrat­
ing the Ba sample at 50^ RH was 10,8 A, which was comparable 
to the 10.58 A spacing obtained by Relchenbach and Rich (I968) 
for a Ba degraded-muscovite which was rewetted after air 
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drying. The 10,8 A spacing Is evidently a result of regular 
Interstratification of the 11,8 A (88^ HH) and the 9,8 A 
(anhydrous) spacings. However, the water content of the 
sample, 0,67 H2O/U, c,, Is lower than would be expected for 
such an arrangement, This Indicates that. In addition to the 
fully expanded portions and the Interstratlfled portions of 
the sample, another portion exists In an anhydrous state. 
This latter portion was not observed on the x-ray diffrac­
tion pattern because the 9,8 A peak was masked by the 10,8 A 
peak. 
Degraded-blotIte 
The 12.2 basal spacing for LI degraded-blotIte (50^ HH) 
Is the same as that reported by Leonard (1966) for a LI 
degraded-blotlte equilibrated at 35% EH, However, on equil­
ibrating the Li sample in this study at 30 and 5% HH, the 
12.2 A spacing thinned to 11,8 A. For both s pacings the water 
molecules in the single layer water complexes penetrated the 
tetrahedral sheets; however, In the case of the 11,8 A spac­
ing, the penetration was much deeper. The Li ions in the 
fully hydrated Li degraded-blotlte (13,63 A) were shown to be 
Imbedded in the tetrahedral sheets by 1-D structural analysis 
and they are probably in the same location in the single layer 
water complex. The water content of the single layer water 
complex decreased from 3,8 to 2,4 H2O/U, c, (2,5 to 1,6 
H20/Li) on heating from 25® to 100®C, With the water conteht 
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of 2,5 E2O/LI, two adjacent Li ions were probably surrounded 
by three water molecules each, and one of the three water 
molecules was shared by both Li ions. Water was slowly lost 
as this configuration was converted to a 3 H2O/2 Li complex, 
which evidently was responsible for the 11,8 A spacing. A 
4 H2O/2 Li complex is not stable for reasons of symmetry. As 
water was lost from the 3 H2O/2 Li complex, it became unstable 
and all the interlayer water was quickly lost. 
The basal spacing of the anhydrous Li degraded-biotite 
was larger than expected if the Li ions were imbedded.In the 
tetrahedral sheet. The reason for this was previously dis­
cussed for the Li degraded-muscovite sample. 
The 12.2 A basal spacing for Na degraded-biotite 
(50-5^ RH) along with the 9,6 A thickness of the 2:1 layer 
for degraded-biotite, indicates that the single layer water 
complex Is 2,6 A thick. The difference between this thickness 
and the diameter of a water molecule indicates that the water 
molecules were not imbedded very far in the tetrahedral 
sheets. The water content of this single layer water complex 
decreased from 4.43 to 3,99 HgO/u. c. (2,6-2.4 H20/Na) in 
heating the Na sample from 25 to 53®C in the TGA apparatus, 
but the thickness of the layer water complex did not decrease. 
The Na ions are probably located in the middle of the inter­
layer space, as was found in the fully hydrated case, even 
though It would require very close packing to fit 4.4 water 
molecules at 10 A2/H2O and 1,7 Na ions at 2,8 A^/Na (total of 
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48.8 In one unit cell space (ça, 48.2 A^). 
After equilibrating the Na degraded-biotite at 5^ HH, 
it lost most of its water, and subsequent heating reduced it 
completely to the anhydrous space. The 9.6 A spacing for 
the anhydrous sample is evidence that the Na ions are imbedded 
in the hexagonal holes and that the lattice is completely 
closed (i.e., the tetrahedral sheets are touching each other). 
The 14.52 and 14.3 A basal spacings for Mg degraded-
biotite (100 and 50-5^ RE, respectively) are comparable to the 
14.3 A spacing observed by Leonard (1966) for Mg degraded-
biotite (35/^ EH) and to the 14,4? A spacing reported by 
Barshad (1948) for an air dried Mg degraded-biotite. Because 
of the small number of orders used to obtain the 14.3 A spac-
ings, they are not considered to be significantly different 
from the l4,52 or 14.4? A spacings. The l4,5 A spacing is 
evidence that the double layer water complex is 4.9 A thick, 
which is comparable to the 4.85 A thickness calculated for the 
Mg-water complex, where Mg is octahedrally coordinated with 
6 water molecules. 
It is impossible to know the exact water content of the 
sample because of the impurity known to be in the sample. 
However, the water content appears to be between 6 and 7 
H20/Mg. Both the thickness and the water content were 
indicative of an octahedral arrangement of water molecules 
around the interlayer Mg. This arrangement was further 
corroborated by the l-D structural analysis. 
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The basal spacings for Mg degraded-blotIte after heating 
at 110 and 300®C were discussed In the section on z-ray 
diffraction analysis, and since the TGA and ÛTA data on this 
sample are in question, the hydration status of the interlayer 
Mg under these conditions will not be discussed further. As 
in the case of Mg degraded-muscovlte, the basal spacings 
obtained are considered to represent the true basal spacings 
of the Mg degraded-blotite. The 8.5 A spacing in the sample 
heated at 300°C is probably a spacing for the impurity present 
in the sample. 
The 14.8 A basal spacing for Ga degraded-biotite 
(50-30# HH) is significantly smaller than the 15.23 A spacing 
for the fully hydrated sample. This suggests that water was 
lost with a concurrent thinning of the double layer water 
complex as the sample was equilibrated at EE. The thinned 
double layer complex has a thickness of 5.2 A which compares 
with 5*19 A, the thickness calculated for the Ga-water complex, 
where Ga was octahedrally coordinated with 6 water molecules. 
The water content from TGA, however, indicated the presence of 
9.3 H20/Ca in the sample at 50# RE instead of 6 B20/Ca, 
Because of the similarities between the thickness of the double 
layer water complex and the calculated thickness of Ca in 
octahedral coordination with water molecules, it was concluded 
that the Ca in the seunple is octahedrally coordinated with 6 
water molecules and that the extra 3 water molecules are 
associated with but not directly attached to the Ca ion. The 
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small endothermlc peak at the low temperature end of the DTA 
curve for the Ga degraded-blotlte may Indicate the loss of 
some of these extra water molecules. 
The 11,9 & basal spacing for Ga degraded-blotite 
(5^ Rfl - 110®C) is comparable to the 12.1 A spacing observed 
by Leonard (1966) for Ga degraded-biotite (35^ RS). The dif­
ference between these two spacings was not considered signif­
icant, but the moisture conditions under which these single 
layer water complexes existed was considered to be signif­
icant, The K impurity in the sample prepared by Leonard (1966) 
may have caused it to contract to its single layer water 
complex at 35/» RH while the Ga degraded-biotite in this study 
had to be dried below 30^ RH before it contracted to its 
single layer water complex. 
The apparent thickness of the single layer water complex 
of Ga degraded-biotite Is less than the diameter of a water 
molecule, which indicates that the water molecules were im­
bedded in the tetrahedral sheets. The water content of the 
single layer water complex decreased from 2,7 to 1,8 HgO/u, c, 
(3.3 to 2,1 H20/Ca) as the sample was heated over the 
temperature range of its existence (90 to l40°G), These 
conditions are similar to those previously discussed in rela­
tion to the single layer water complex of Ga degraded-muscovlte 
and the structure of both single layer water complexes are 
considered to be the same. 
The 15.2 A basal spacing for 3r degraded-biotite (50# RH) 
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is significantly smaller than the 15.^9 A spacing for the 
fully hydrated sample. This suggests that water was lost as 
the sample was dried at EH and that the remaining water 
was rearranged into a thinner Sr-water complex. The thinned 
double layer water complex has a thickness of ^.6 A which is 
significantly larger than 5.33 A, the thickness calculated 
for the Sr-water complex where Sr is octahedrally coordinated 
with 6 water molecules. The water content of this thinned 
double layer water complex is 8.7 H20/Sr, which is also 
larger than the 6 H^O/Sr needed for an octahedral arrangement 
of water around the Sr ion. From this evidence, it was con­
cluded that this double layer water complex has the same type 
of nine-fold coordination complex described for the fully 
hydrated Sr degraded-biotite in the 1-D structural analysis 
section. 
The 12.1 A basal spacing for Sr degraded-biotite (30-5^ 
EH) is comparable with the 12.2 A spacing observed by 
Leonard (1966) for Sr degraded-biotite (35^ RH). The 
difference between the apparent thickness of the single layer 
water complex and the diameter of a water molecule indicates 
that the water molecules in the water complex were imbedded 
in the tetrahedral sheets. The water content of the single 
layer water complex decreased from 4.1 to 2.1 HgO u. c. as 
the sample was heated from 55 to 113°C. These conditions 
are similar to those previously discussed in relation to the 
single layer water complex of Ca degraded-muscovite and the 
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structure of both single layer water complexes are considered 
to be the same. 
The 12.4 A basal spacing for Ba degraded-biotite 
(100-30^ RH) was larger than the other single layer water 
complexes and was large enough that water molecules were not 
imbedded in the tetrahedral sheet. The water content of the 
sample at 50^ RH was 4,5 H2O/U. c. which would occupy 
approximately 45 of the 48.2 available per unit cell. This 
indicated that there was not room for the 0.78 Ba ions (with 
5.73 A^/Ba) to be located in the same plane as the water 
molecules. The 1-D structural analysis verified this finding 
and showed that the Ba ions were imbedded in the tetrahedral 
sheet. The water molecules are apparently in a close pack 
arrangement around the imbedded Ba ions. 
After drying the Ba degraded-biotite at 5?^ HH, the sample 
was in its anhydrous state and had a basal spacing of 9,8 A. 
This spacing is the same as that found for Ba degraded-muscos. 
vite. 
Degraded-phlogopite 
The 12.2 A basal spacing for Li degraded-phlogopite 
(50-5# RH) is the same as that found by Leonard (1966) and 
Thompson et al. (1967) for Li degraded-phiogopites that had 
been equilibrated at 35% and ca. RH, respectively. The 
apparent thickness of the single layer water complex is 2,6 A 
(12,2 - 9,6 A) and the difference between this thickness and 
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the diameter of a water molecule Indicates that the water 
molecules were slightly imbedded in the tetrahedral sheets. 
The Li ions in the fully hydrated Li degraded-phlogopite 
(14.63 A) were shown to be imbedded in the tetrahedral sheets 
by 1-D structural analysis and they are probably in the same 
location in the single layer water complex. 
The water content and water loss characteristics of the 
single layer water complex of Li degraded-phlogopite and -bio-
tite are very similar except for the slight decrease in basal 
spacing that occurred on drying the Li degraded-biotite. No 
reason is given for this difference. 
The 10.3 A spacing for anhydrous Li degraded-phlogopite 
(300°C) is comparable to the 10.1 A spacing found by Leonard 
(1966) for a Li degraded-phlogopite (350°C) and the difference 
was not considered significant. A possible explanation of 
this spacing is given in the discussion concerning the 
anhydrous Li degraded-muscovite. 
The 12.0 A basal spacing for Na degraded-phlogopite 
(50-30^ HH) is considerably smaller than the 14.85 A spacing 
of the fully hydrated sample, but is comparable to the 11.89 A 
spacing found by Thompson et al. (196?) for a Na degraded-
phlogopite (air dried ^0% HH), The difference between 
the apparent thickness of the single layer water complex 
(2.4 A) and the diameter of a water molecule (2.8 A) indicates 
that the water molecules were imbedded in the tetrahedral 
sheets. The water content of this single layer water complex 
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decreased from 4.0 to 3,7 H2O/U. c. (2.3 to 1.8 H20/Na) as 
the sample was heated from 25 to 60°C, The arrangement of 
water molecules around the Na ions was considered similar to 
that described in the discussion on Li degraded-biotite, even 
though the Li ions were imbedded in the tetrahedral sheet and 
the Na ions were not. 
After drying the Na degraded-phlogopite at % HH, it had 
lost all its interlayer water. The basal spacing^bf the 
anhydrous sample, 9.6 A, is comparable to the 9.73 A spacing 
found by Thompson et al. (1967) after heating their Na 
degraded-phlogopite at 300°C. There was no significant 
difference between these two spacings and they were in line 
with what was expected. 
The l4.4 basal spacing for Mg degraded-phlogopite 
(100-50^ HH) is comparable to the 14.35 A spacing observed 
by Thompson et al. (1967) and the 14.3 A spacings observed by 
Leonard (1966) for Mg degraded-phiogopites equilibrated at 
ça, 50 and 35^ EE, respectively. The double layer water 
complex is 4.8 A thick and is comparable to 4.85 A, the thick­
ness calculated for the Mg-water complex, where Mg was 
octahedrally coordinated with 6 water molecules. The simi­
larity between these two values is strong evidence that the 
Mg ions in the sample are octahedrally coordinated with water 
molecules. 
The water content of Mg degraded-phlogopite (50^ BH) 
was found to be 7.2 H2O/U. c. (8.7 H2@/Mg) which was comparable 
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to 7.56 H^O/u. c. (8,75 HgO/Mg) and 7,^4 HgO/u, c, reported 
by Thompson et al. (I967) and Shirozu and Bailey (1966). On a 
basis of this comparison and the strong evidence present above 
for Mg in octahedral coordination with water molecules, it was 
concluded that the structure of the interlayer region was sim­
ilar to that reported by Shirozu and Bailey (I966) for Mg-
vermiculite. In this structure Mg ions are octahedrally 
coordinated with water molecules and the additional water 
molecules are located in octahedral coordinations around empty 
sites (i.e., sites similar to where the Mg is located but 
where no Mg exists). The 1-D structural analysis gives added 
strength to this conslusion. 
The water content of the double layer water complex 
decreased from 3.7 to 8.0 to 7.1 H20/Mg as the Mg degraded-
phi ogopite was heated from 25 to 63 to 80°C, Along with 
these decreases in water content the basal spacing decreased 
from 14.4 to 14.2 to 13.6 A. The changes in the interlayer 
structure necessary to bring about these spacings are not 
known; however, Walker and Cole (1957) who observed a 13.8 A 
spacing for Mg vermiculite, suggested that this spacing 
occurred when the Mg ion was octahedrally coordinated between 
three oxygens in one tetrahedral sheet and three water mole­
cules, with an additional layer of water between these 
coordinated water molecules and the other tetrahedral sheet. 
The 11.6 A basal spacing and the water content of 2.8 
H20/Mg for Mg degraded-phiogopite (110®C) are the same as 
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those found by Thompson et al. (I967) for a Mg degraded-
phlogoptte which had been placed in a vacuum (0,005 mm Hg) 
at 20®C, The apparent thinness of this single layer water 
complex (2,0 A compared with 2,8 A for the diameter of a 
water molecule) indicated that the water molecules were 
Imbedded quite deeply in the tetrahedral sheets, Thompson 
et al, (1967) suggested that this single layer water complex 
has the same structure as does the 13,6 A phase described 
above except without the additional layer of water. From 
the TGA and DTA data it is apparent that as the water content 
decreased to 2 H20/Mg the single layer water complex became 
unstable and the sample contracted to its anhydrous form. 
The 10,2 A basal spacing of the anhydrous Mg degraded-
phlogopite (300°C) is comparable to the 10,0 A spacing found 
by Leonard (1966) but larger than the 9.73 A spacing found by 
Thompson et al, (1967) for Mg degraded-phlogopltes heated at 
350 and 500°C, respectively. The spacing Is larger than was 
expected, and is probably due to small amounts of water 
being readsorbed before the x-ray diffraction pattern was 
obtained. 
The 14.7 A basal spacing for the Ca degraded-phlogoplte 
(50-30# SH) Is smaller than the 15.O8 A spacing for the 
fully hydrated sample and slightly smaller than the 14.98 A 
spacing observed by Thompson et al, (19^7) for Ca degraded-
phlogoplte air dried at ca. 50^ HH, The thickness of the 
double layer water complex is 5.1 A which compares with 5.19 A,, 
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the thickness calculated for the Ca-water complez, where Ca was 
octahedrally coordinated with 6 water molecules. The 
similarity between these two values Is strong evidence that 
Ca Is octahedrally coordinated with water molecules. The water 
content from TGA was 7,7 H^O/u. c, (9.3 HgO/Ca) which compares 
with 6,6 HgO/u. c. (7,6 H^O/Ga) reported by Thompson et al. 
(1967). This difference Is probably due to different moisture 
conditions under which the samples were equilibrated. Since 
the double layer water complexes of Ca degraded-phlogoplte and 
-biotlte were so similar In thickness and water content It was 
concluded that their structural arrangements were the same. 
The 11.8 A basal spacing of the Ca degraded-phlogoplte 
(50^ HH - 110°c) is comparable to the 11,76 spacing found by 
Thompson et al. (1967) and 11,9 A spacing found by Leonard 
(1966) for Ca degraded-phiogopltes which had been equilibrated 
in a vacuum (O.OO5 mm Eg) at 20®C and equilibrated at 35^ EH, 
respectively. The difference between the apparent thickness 
of the single layer water complex (2,2 A) and the diameter of 
a water molecule (2,8 A) indicates that the water molecules 
were imbedded in the tetrahedral sheets. The water content of 
the single layer water complex decreased from 3.1 to 1,9 
H2O/U, c, (3.8 to 2,3 H^O/Ca) on heating from 83 to 157°G. 
These values are comparable to 1.66 H2O/U. c. (1.92 H^O/Ca) 
found by Thompson et al, (1967). The difference between 2.3 
and 1,92 B^O/Ca is probably due to conditions under which the 
values were obtained (i,e,, dynamic heating vs, static drying 
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under vacuiim). The water contents and spacing of this single 
layer water complex are similar to those of the single layer 
water complexes of Ca degraded-biotite and -muscovite, thus the 
locations and arrangements of Ca and water in the interlayer 
region are considered to be the same as previously described 
for Ca degraded-muscovite. 
The 9.9 A basal spacing for anhydrous Ca degraded-
phlogopite is comparable to the 9,63 spacing found by Thompson 
et al. (1967) and the 10,1 A spacing found by Leonard (1966) 
for degraded-phlogopites heated at 5OO and 350°G, respectively. 
No explanation is offered for the apparent difference between 
9.9 and 9.63 A but 9.9 A is in line with other data in this 
study. 
The l4.8 A basal spacing for Sr degraded-phlogopite 
(50^ BH) is significantly smaller than the 15.^0 A spacing 
for the fully hydrated sample. This suggests that water was 
lost as the sample dried at 50^ RS and that the remaining water 
was rearranged into a thinner Sr-water complex. The thin 
double layer water complex has a thickness of 5.2 A, which is 
slightly smaller than 5.33 A, the thickness calculated for the 
Sr-water complex, where Sr is octahedrally coordinated with 6 
water molecules. The water content of this double layer water 
complex is 7,8 H^O/u, c. which is essentially the same as 
that of the Ca degraded-phlogopite sample. Because of the 
similarities between the water contents and thickness of the 
double layer water complexes of Sr and Ca degraded-phlogopite, 
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It was concluded that the coordination of water molecules 
around the interlayer cation in the double layer water 
complexes of these two samples are essentially the same. 
The 11,9 A basal spacing for Sr degraded-phlogopite 
(30-5^ HH) is comparable to the 12,2 A spacing found by 
Leonard (1966) for Sr degraded-phlogopite (35)^ HH), the 
differences between the spacings are probably not real. The 
thickness of the single layer complex (2,3 A) and the water 
contents (3.7 to 2,0 H2O/U, c,) are comparable to those of 
the single layer water complex of Ca degraded-phlogopite, 
therefore the two water complexes are considered to be the 
same. 
The 9,9 A basal spacing for anhydrous Sr degraded-
phlogopite (110-300®C) is the same as that found by Leonard 
(1966) for Sr degraded-phlogopite (350°C), and is in line 
with geometrical consideasations. 
The 12,2 A basal spacing for Ba degraded-phlogopite 
(30^ HH) is considerably smaller than the 15.OI A spacing for 
the fully hydrated sample. This indicates that as the sample 
dried at 50/^ HH, the Interlayer region changed from a double 
layer water complex to a single layer water complex. The 
apparent thickness of the single layer water complex is less 
than the diameter of a water molecule. This indicates that 
the water molecules are imbedded in the tetrahedral sheets. 
The 1-D structural analysis of the fully hydrated Ba degraded-
phlogopite showed that the Ba ions were imbedded in the tetra-
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hedral sheet. They are probably in the same location in the 
single layer water complex. 
The water content of the single layer water complex 
decreased from 3.6 to 3.2 H^O/u. c. (4.3 to 3.8 H20/3a) as 
the sample was heated from 25 to 67°C. This would probably 
indicate a hexagonal array of water molecules around each 3a 
ion with sharing of 3 to 4 of the water molecules between 
adjacent Ba ions. This water complex, however, is different 
from the single layer water complexes for Ca and Sr in that 
it does not remain stable if the water content falls much 
below 4 H20/Ba. 
The 9.9 A basal spacing for the anhydrous Ba degraded-
phlogopite is in line with what is expected from geometrical 
considerations. 
In comparing the effects of M on the M degraded-micas, 
it is seen that the monovalent cations are less hydrated and 
cause less lattice expansion than divalent cations of the 
same size. Within valence series, the small cations resist 
dehydration and lattice contraction more than large cations. 
As the smallest divalent cation (in this study), Mg, in the M 
degraded-mica, resists dehydration and lattice contraction more 
than the other cations, and Na and Ba, the largest mono- and 
divalent cations (in this study), respectively, are closely 
matched in resisting dehydration and lattice contraction the 
least. Fortunately, this property of Na was not a limiting 
factor in the replacement of K from the contracted mica. 
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or the NaCl-NaTPB degradation used in preparing the M degraded-
niuscovites in this study would not have worked. Likewise, the 
great effectiveness of Ba as a K replacer that has been ob­
served (fleichenbach and Hich, I968) cannot stem from the 
tendency for Ba to hydrate and expand the lattice. 
Another apparent trend is that the small cations with the 
highest hydration energies do not have the largest number of 
water molecules surrounding them. The larger cations tend 
to coordinate more water molecules by using more complex 
coordination schemes. This trend breaks down when the hydra­
tion energy of cation is not sufficient to retain the number 
of water molecules that it can coordinate, against the con­
tracting energy of the mica lattice (e.g., Ba degraded-micas). 
These more complex coordination schemes, and even octahedral 
coordination of water around the larger cations, are not as 
stable as the octahedral coordination of water around Mg, 
Apparently, the largest cations have least stable layer water 
complexes. Perhaps this is the key to interlayer ion exchange 
in micas. Cations with less stable cation-water complexes 
may be more susceptible to exchange, and since they are not 
strongly encumbered with water molecules, they may also be 
better replacing agents. 
In addition to the effects of cations on the hydration 
characteristics of M degraded-micas, the degraded-mica also 
exerts its effect. The contraction energy of the degraded-
micas is very complex, and has been related to the size and 
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charge of the interlayer cation, the layer charge of the 2:1 
layer and the distance between the cation and the charged 
surface. At the present state of knowledge. It Is Impossible 
to measure the contraction energy of the mica, Independent of 
the other Interrelated processes occurring during the con­
traction process (e.g., dehydration of the Interlayer cations). 
However, some of the observations In this study may prove 
useful for future research In this area. 
For samples with the same cation, M degraded-blotlte and 
-phlogoplte behave very similarly with respect to dehydration 
and contraction due to drying or heating, whereas M degraded-
muscovlte tends to be more dehydrated and more contracted at 
the same degree of drying or heating. Put In a more quantita­
tive way, the ah (net energy required to dehydrate the M 
degraded-micas, encompassing both the hydration energies of 
the cations and the contracting energies of the degraded-
micas) values for the M degraded-muscovltes are generally lower 
than AH values for the M degraded-blotlte and -phlogoplte for 
the same M, The differences between the AH values are 
attributed to differences In the contracting energies of the 
degraded-micas, with larger contracting energies producing 
smaller AH values. 
If AH values and contracting energies are related and If 
layer charge Is the dominant factor In the contracting 
energy, the relation between AH and layer charge should 
Indicate the nature of the relationship, A plot of the 
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average AH, in Kcal/mole of water (Table 9, column 3» exclud­
ing the value for Mg degraded-phiogopite), for each degraded-
mica against the reciprocal of the layer charge, in electrons/ 
2 100 A , yields a linear relation (Figure 42). The linear 
relation shows that there is a simple reciprocal relationship 
between AH and layer charge and infers that layer charge is 
the dominant factor in the contracting energy. Mpre research 
is needed to determine the exact relation of layer charge to 
contracting energy of the degraded-micas. 
I I I I I I 1 
0.22 0.23 0.24 0.25 0.26 0.27 0.28 0.29 
1 /  l a y e r  c h a r g e  ( e l e c t r o n s / l O O A  ^  )  
PlgiAr<3 42. A plot of AH V8' the reciprocal of the layer charge for the 
degraded-micas 
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APPENDIX 
The following notes are given to explain the abbreviated 
column titles in the Appendix Tables: 
ORDER - the order of the x-ray reflection 
D(OOL) - 8pacings calculated from Bragg's Law 
(d = n/V2 sin6) with n = 1 
C SIN(BETA) - spacings calculated from Bragg's Law with 
n = ORDER 
NEL-RIL FUNCTION - function described by Nelson and 
Riley (19^5), i (ff|^ + 
INTENSITY - intensity of the x-ray diffraction maxima 
INT/LP - INTENSITY divided by the combined Lorentz and 
polarization factors ((1 + cos^26)/sin 26) 
I PI - magnitude of the structure factor calculated from 
intensity data, (INT/LP 
SIGN USED - the signs obtained from the theoretical 
structure factors which were used with I PI to 
calculate values for the electron density function 
1 
2 
3 
4  
5  
6 
7 
8 
9 
10 
11 
1.  X-RAY DIFFRACTION DATA USED FOR CALCULATING 1-D ELECTRON DENSITY 
PLOTS FOR MUSCOVITE (<  50  MICRONS)  
D(OOL)  C S IN(BETA)  NEL-RIL  INTENSITY INT |F |  SIGN 
FUNCTION LP USED 
10 .05  10 .  05  12 .952 7520.0  582.04  24 .13  + 
4.98  9 .97  6 .296 1380.0  221.27  14 .88  -
3.33  9 .98  4 .065 3710.0  931.01  30 .51  + 
2.49  9 .98  2 .903 380.0  135.00  11 .62  
1 .99  9 .97  2 .171 1440.0  688.72  26 .24  -
1.66  9 .97  1 .  658 42 .  0  26 .08  5 .11  + 
1.42  9 .96  1 .269 85 .0  66 .  12  8 .  13  + 
1.25  9 .  97  0 .  962 97 .5  89 .80  9 .48  + 
1.12  10 .06  0 .725 11 .0  10 .  96  3 .31  + 
1.00  9-95  0 .484 14 .0  13 .  19  3 .  63  + 
0.91  9 .97  0 .298 24 .0  17 .88  4 .23  + 
o\ (\) 
h& 
KD 
1 
2 
3 
4 
5  
6 
7 
8 
9 
3.0  
] 1 
2.  X-RAY DIFFRACTION DATA USfcU FUR CALCULATING 1 -0  fcL iECTRON OLNSl  IY  
PLOTS FOR L I  OEGRAOED-MUSCOVITE (<  50  MICRONS)  
DIOOL)  C S IN(3ETA)  NEL-RlL  
FUNCTION 
INTENSITY iHI 
LH 
IFI S I  GN 
USt - i3  
11 .95  11 .  95  15 .426 18600.0  1207.81  14 .75  + 
6.01  12 .01  7 .652 1750.0  230.24  15 .  17  -
4.  00  12 .  01  4 .986 30 .0  6 .  10  2 .47  + 
3-01  12 .02  3 .  622 355 0 .  0  1003.26  31  .67  + 
2.41  12 .04  2 .  7713 50 .0  18 .  59  4 .31  + 
2.01  12 .04  2 .1  89 500.  0  237.07  15 .40  — 
1.72  12 .03  1 .749 in .o  10 .  63  3 .26  -
1.51  12 .  04  1 .407 45 .0  32 .2d  5 .6  8  + 
1.34  12 .04  1 .  124 44 .  0  37 .23  6 .10  + 
1.20  12 .04  0 .886 13 .0  12 .38  3 .52  + 
1.10  12 .  07  0 .  685 8 .  0  8 .00  2  .83  4 
o\ VjO 
/ i t )  
f;D 
1 
2 
3 
4  
5  
6 
7  
8 
9 
1 0 
] 1 
] 2 
] ,3  
14 
3.  X-RAY DIFFRACTION DATA USED FUR CALCULATING 1-D LLFCTiU lN DbNSI lY  
PLOTS FOR NA OtGRADED-MUSCUVITE (<  50  MiCRuNS)  
D(OOL)  C S IN(BETA)  NEL-RIL  INTENSITY J_NI IF |  SIGN 
FUNCTION LP USi rU 
12-  16  12 .16  15 .704 26100.0  1792.30  42 .34  + 
6.11  12 .22  7 .787 1250.0  161.55  12 .71  -
4.07  12 .20  5 .071 135.0  26 .99  5 .20  + 
3.06  12 .23  3 .  695 2760.0  764.18  27 .64  + 
2.45  12 .24  2 .  837 50 .0  1W.19 4 .26  + 
2.04  12 .25  2 .242 197.  0  91 .20  9 .55  -
1.75  12 .26  1 .800 52 .0  29 .  89  5 .47  — 
1.  53  12 .25  1 .  44  8  50 .0  35 .01  5 .92  + 
1.36  12 .24  1 .  Iu3  16 .4  13 .  5d  3 .63  + 
1.23  12 .26  0 .925 24 .0  22 .49  4 .74  4 
1 .11  12 .  19  0 .  706 7 .0  6 .99  2 ,64  4 
1 .02  12 .21  0 .529 8 .4  8 .  13  2 .  85  + 
0.94  12 .23  0 .371 B.O 6 .  72  2 .59  + 
0.88  12 .27  0 .234 15 .  0  9 .  66  3 .11  4 
On 
/va 
KO 
1 
2 
3 
4 
5  
6 
7 
8 
9 
]lO 
].l 
] 2 
] .3  
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4 .  X-RAY DIFFRACTION DATA USEO FOR CALCULATING 1 -0  2LECTKUN UEMSITY 
PLOTS FOR MG DÉGRAOEb-MUSCGVITE C <  50 XICRHNS)  
D(  ODD C S IN(3 tTA)  NEL-RIL  
FUNCTION 
INTENSITY IMI 
LP 
I  F |  S I  GN 
USLU 
14 .30  
7 .  17  
4 .80  
3 .  60  
2 .Sâ 
2 .40  
2.06 
1.80 
1.60 
1.44  
1 .31  
1 .20  
1 . 1 2  
1.  03  
14 .  30  
14 .33  
14 .39  
14 .40  
14 .40  
14 .43  
14 .41  
14 .43  
14 .39  
14 .43  
14 .44  
14 .41  
14 .54  
14 .47  
18 .493 
9 .  180 
6 .047 
4 .438 
3 .446 
2 .774 
2 .269 
1 . 8 8 2  
1.560 
1 .  304 
1 .080 
0. 880 
0.725 
0 .561 
212 50 .0  
0. 0 
1 1 0 0 . 0  
700.0  
1210.0 
36.0  
160. 0 
48.0  
15 .0  
44 .  0  
10.0 
14.  0  
5 .2  
7 .0  
115C.47 33 .92  + 
0.  G 0 .  0  -
183.77  13 .56  -
160.  4 t»  12 .67  
360.06  18 .  98  + 
13.41  3 .66  -
73.  18  3 . -35  -
26.44  5 .  14  -
9.  85 3 .14  + 
33.  54  5 .79  + 
8.67  2 .94  + 
13.37  3 .66  + 
5.  18  2 .  28  + 
6.87  2 .62  + 
On 
AO 
HD 
I  
2 
3 
4  
5  
6 
7 
a 
9 
1 0  
1 1  
12 
13 
14  
5 .  X-RAY DIFFRACTION DATA USfcO FOR CALCULATING 1-D ELbCTRdN DhNSITY 
PLOTS FOR CA DEGRADFD-MUSCOV IT  t  (<  50  MICRiJMS)  
î (  GOD C S IN(BETA)  NEL-RIL  INT ENS ITY INT i r - l  S IGN 
FUNCTIUN LP US ED 
14 .61  14 .61  18 .392 12  200.0  646.51  25 .43  4 
7 .37  14 .75  9 .454 4  0 .  0  4 .25  2 .06  -
4.^3  14 .78  6 .223 1100.0  178.48  13 .36  -
3.70  14 .80  4 .  575 380.0  84 .44  9 .19  + 
2.96  14 .82  3 .  5o4 1260.0  362.10  1  9 .  03  + 
2.49  14 .93  2 .894 20 .0  7 .13  2 .6  7  + 
2.12  14 .  86  2 .  362 22  0 .0  96 .5  b  9 .  8  3  -
1.86  14 .bb  1 .964 50 .0  26 .42  5 .  14  -
1.67  15 .03  1 .672 0 .0  0 .0  0 .0  4 
1 .49  14 .  86  1 .374 26 .  0  19 .01  4 .36  4 
1 .35  14 .38  1 .149 10 .0  a .  34  2 .  89  + 
1.24  14 .  86  0 .94 .3  15 .  0  13 .91  3 .73  + 
1.14  14 ,65  0 .771 5 .0  4 .94  2 .22  + 
1.  06  14-  87  0 .  61  7  6 .0  5 .97  2 .44  4 
o\ 
ON 
1 
2 
3 
4 
5  
6 
7 
8 
9 
1.0 
1.1 
I l  2 
1.3  
1 .4  
1 .5  
1.6 
1.7  
6 .  X-RAY DIFFRACTION DATA USED FOR CALCULATING 1 -0  hLtCTRON DENSITY 
PLOTS FOR SR DEGRADED-MUSCOVITE (<  50  MICRONS)  
D(  GOD C S IN(BETA)  NEL-RIL  
FUNCTION 
INTENSITY INI 
LP 
I  F |  SIGN 
US to 
14.  85  
7 .60  
5 .03  
3 .78  
3 .03  
2 .52  
2 . 1 6  
l . y o  
1.68 
1.52  
1 .30  
1 . 26  
1.17  
1 . 0 8  
1 . 0 1  
0.95  
0 .  89  
14 .  85  
15 .  19  
15 .10  
15 .11  
15 .15  
15 .  13  
15 .  14  
15 .17  
15 .16  
15 .  17  
15 .15  
15 .15  
15 .16  
15 .17  
15 .20  
15 .19  
15 .  14  
19 .212 71600.0  3731 .  O S  6 1 .08  
9 .  743 65 .  0  6. 70 2 .59  
6 .364 6040.0  958.  05  30 .95  
4 .  681)  1840.0  399. 4 7 19 .99  
3 .656 9340.0  2614.  02  51 .  14  
2.942 425.0  148.  94  12  .  20 
2 .422 1225.0  524.  35  22 .90  
2 .023 450.0  230. 86 15 .  19  
1 .695 32 .0  19 .  47 4.41  
1 .  425 240.0  170.  33  13 .05  
1 .191 176.0  144.  9  3  12 .  04  
0 .991 117.0  106.  26  10 .  31  
0. 816 22 .  5  21 .  97  4 .69  
0 .659 25 .0  24 .  99  5 .00  
0 .  521 13 .6  13 .  11  3 .62  
0.369 31.6  27 .  17  '3 .21  
0 .264 20 .0  13 .  80  3 .73  
4 
+ 
4 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
4 
+ 
+ 
o\ 
-C  
GPD 
1 
2 
3 
4  
5  
6 
7 
8 
9 
1 0  
7.  X-RAY DIFFRACTION DATA USED FOR CALCULATING 1-D ELtCTRUN Ol . iNSITY 
PLOTS FOR BA DEGRADED-MUSC-JVIT t  (<  50  MICRONS)  
O(CQL)  C S IK(BETA)  NEL-RIL  INTENSITY l& I  |F |  SIGN 
FUNCTION LP USED 
14 .37  14 .37  18 .504 13250.0  713.04  26 .72  +  
7 .11  14 .22  9 .  lo t )  600 .0  66 .21  3.14  
4 .74  14 .23  5 .979 50 .0  8 .4% 2 .91  
3 .55  14 .22  4 .377 355.0  82 .55  9 .09  +  
2 .64  14 .22  3 .397 2100.0  634.16  25 .1U +  
2 .37  14 .21  2 .721 20 .0  7 .60  2 .76  +  
2 .03  14 .22  2 .228 665.0  309.84  17 .60  
1 .77  14 .20  1 .836 15 .0  8 .46  2 .91  +  
1 .58  14 .23  1 .531 24 .0  16 .02  4 .00  -  ^  
1.42  14 .21  1 .266 15 .0  11 .69  3 .42  +  
1 
2 
3 
4  
5  
6 
7 
8 
9 
10 
8.  X-RAY DIFFRACTION DATA USED FOR CALCULATING 1 -0  ELECTRON DENSITY 
PLOTS FOR B IOTITE (<  50  MICRONS)  
D(OOL)  C S IN(BETA)  NEL-RIL  INTENSITY IK I  |F I  SIGN 
FUNCTION LP USED 
10 .09  10 .09  13 .011 7127.1  549.08  23 .43  + 
5.03  10 .07  6 .364 68 .7  10 .90  3 .30  + 
3.35  10 .05  4 .098 3251.5  809.04  28 .44  + 
2.51  10 .04  2 .926 355.6  125.30  11 .19  + 
2.01  10 .03  2 .  190 339.3  160.83  12 .68  -
1.67  10 .04  1 .677 86 .9  53 .40  7 .31  + 
1.43  10 .04  1 .288 72 .6  55 .85  7 .47  + 
1.25  10 .04  0 .977 52 .  8  48 .28  6 .95  + 
1.12  10 .04  0 .720 7 .6  7 .58  2 .75  + 
1.00  10 .04  0 .501 14 .8  14 .11  3 .76  + 
On 
VO 
PD 
1 
2 
3 
4  
5  
6 
7  
8 
9 
10 
1 1  
1 2  
1 3  
14  
1  5  
9 .  X-RAY DIFFRACTION DATA USED FOR CALCULATING 1-D ELECTRON DENSITY 
PLOTS FOR L I  Oi iGRADfD-BIOTITE (<  50  MICRUNS)  
D(OOL )  C S IN(BETA)  NEL-RIL  
FUNCTION 
INTENSITY im. 
LP 
I P I  S I G N  
USED 
13-60  13 .60  17 .57  8 69000.0  3930.68  62 .70  + 
6.  34 13 .67  3 .740 590.  0  67 .  81  6. 23 + 
4.53  13 .  59  5 .  691 10 .  0  1 .70  1 .33  4 
3 .40  13 .60  4 .167 7400.0  1309.97  42 .  54  H 
2 .72  13 .  62  3 .223 2325.0  740.17  27 .21  4 
2 .27  13 .62  2 .  530 170.0  68 .  21  8 .26  4 
1 .95  13 .63  2 .  100 238.0  117.63  10 .  85  — 
1.70  13 .63  1 .  72  6  35 .  0  20 .94  4 .58  + 
1.51  13 .63  1 .421 148.0  105.31  10 .  2o  4 
1 .3  6  13 .63  1 .  167 92 .0  75 .98  8 .72  + 
1.24  13 .63  0 .  949 46 .  0  42 .64  53 + 
1.14  13 .64  0 .761 10 .0  9 .  90  3 .  15  4-
1 .  05  13 .63  0 .590 23 .0  22 .77  4 .77  + 
0.97  13 .64  0 .442 16 .  0  14 .  57  3 .  82  + 
0.91  13 .63  0 .304 32 .0  24 .  10  4 .91  
->0 
o 
1 
2 
3 
4  
5 
6 
7 
8 
9 
1 0  
1 1 
1 2  
10.  X - R A Y  DIFFRACTION DATA USED FOR CALCULATING 1-U I rLhCTRDN UtNSITY 
PLOTS FOR NA ù tGRAOED-BlOT ITh i  (<  jO MICRONS)  
D(OOL)  C S INJBtTA)  NEL-RIL  INTENSITY IN l  IF |  SIGN 
FUNCTION LP USl :D 
14 .85  14 .  35  19 .212 6500-0  3 3  8.71  1 .-3.40  + 
7.48  14 .96  9 .592 0 .  0  0 .  0  0 .  0  + 
4.98  14 .95  6 .296 270.0  43 .29  6 .  58  -
3.74  14 .94  4 .62  3  140.  0  30 .  7  -1 5. 55 + 
2.98 14.92  3 .591 640.0  1H2.50  13 .51  
2 .49  14 .97  2 .903 38 .0  13 .50  3 .67  + 
2.13 14.92  2 .376 25 .  0  10 .  91  1 .  3  0  -
1.87  14 .93  1 .978 5 .0  2.G2 1.62  -
1.68  15 .08  1 .681 0 .0  0 .  0  0 .0  + 
1.49  14 .91  1.3 83 0.0  0 .0  0 .0  + 
1.36  14 .93  1 ,158 18 .  0  14 .  94  3 .87  
1 .24  14 .93  0 .959 10 .0  9 .  23  3  .  04 
TABLE 11 .  X-RAY DIFFRACTION DATA USED FOR CALCULATING 1-D ELECTRON DENSITY 
PLOTS FOR MG DEGRADED-BIOTITE (<  50  MICRONS)  
ORDER D(OOL)  C S INIBETA)  NEL-RIL  
FUNCTION 
INTENSITY liil 
LP 
|F |  SIGN 
USED 
I 14.54 14.54 18.799 6700.0 356.82 18.89 + 
2 7.25 14.51 9.296 800.0 86.46 9.30 + 
3 4.85 14.54 6.117 0.0 0.0 0.0 + 
4 3.63 14. 50 4.474 100.0 22.74 4.77 + 
5 2.90 14.51 3. 479 850. 0 250.45 15.83 + 
6 2.43 14.58 2.810 5.0 1.84 1.36 + 
7 2.07 14. 50 2.287 0.0 0.0 0.0 -
8 1.82 14.57 1.908 8.0 4.35 2.08 + 
9 1.61 14.50 1.578 6.0 3.90 1.97 + 
10 1.45 14-50 1.315 9.0 6.82 2.61 + 
LI 1.32 14.51 1.091 5.0 4.31 2.08 + 
12 1.21 14.52 0.896 5.0 4.74 2.18 + 
13 1.12 14.51 0.722 2.0 1.99 1.41 + 
-o 
ro 
Aô 
i f .D  
1 
2 
3 
4  
5  
6 
7 
d 
9 
10 
11 
1 2  
13 
14  
15  
12 .  X-RAY DIFFRACTION DATA USF.U PGR CALCULATING 1 -0  I rL i iCTKGN UENSITY 
PLOTS FOR CA DtGRAOED-BIOTIT£ (<  50  MICRONS)  
D(OOL > C  S INIBFTA)  NEL-RIL  
FUNCTION 
INTENSITY JLM 
LP 
IF 1 SIGN 
USt iD 
15.18  15 .18  19 .643 63800.0  1251.48  57 .  02  + 
7.  58  15 .  15  9 .713 3720.0  384.42  19 .61  + 
5.07  15 .20  6 .409 390.0  61 .41  7 .  84  -
3.  8C 15 .20  4 .  710 •460 .0 314.89  1  7 .75  + 
3.04  15 .22  3 .677 2  720.  0  75  7 .00  2  7 .51  + 
2.54  15 .21  2 .961 101.0  35 .  15  5 .93  
2 .17  15 .  20  2 .43  5  79 .  0  33 .63  5 .80  -
1.90  15 .20  2 .029 27 .0  13 .  81  3 .  72  -
1.70  15 .28  1 .716 10 ,0  6 .02  2 .45  -
1.52  15 .22  1 .433 52 .  1  J6 .  80  6 .07  
1 .  3  B 15 .20  1 .200 35 .0  2  8 .  36  5 .  33  + 
1.26  15 .  14  0 .  990 18 .0  16 .36  4 .04  
1 .17  15 .26  0 .830 11 .0  10 .  69  3 .27  + 
1.08  15 .17  0 .659 16 .0  16 .00  4 .00  + 
1.02  15 .24  0 .  526 20 .0  19 .33  4 .40  
-o 
w 
:o 
1 
2 
3 
4  
5  
6 
7 
8 
9  
1.0 
1 
1 .2  
1.3  
4  
i .5  
13 .  X-RAY DIFFRACTION DATA USED FOK CALCULATING l -D  ELECTKON Dh iMSITY 
PLOTS FOR SR DtGRADED-BIOTITE (<  50  MICRONS)  
D(OOL)  C S IN(BETA)  NEL-RIL  INTENSITY INT |F |  SIGi  
FUNCTION!  LP USE!  
15 .29  15 .29  19 .779 60900.0  30d2.21  3  3 .  52  + 
7.70  15 .40  9 .882 6310.0  641.18  25 .32  
5 .15  15 .44  6 .  514 880.  0  136.31  i i .oa  -
3.87  15 .46  4 .793 2350.0  497.29  22 .  30  + 
3.09  15 .45  3 .740 4760.0  1301.77  36 .08  + 
2.58  15 .47  3 ,022 480.  0  163.62  12 .79  + 
2.21  15 .47  2 .492 250.0  103.94  1  0 .  20  -
1.93  15 .47  2 .  080 50 .0  24 .95  5 .00  + 
1.72  15 .50  1 .754 17 .5  10 .31  3 .  21  -
1.  55  15 .48  1 .476 124.9  36 .03  9 .2  8  + 
1.41  15 .47  1 .241 41 .  0  32 .  43  5 .69  + 
1.29  15 .48  1 .040 37 .5  33 .22  5 .76  + 
1.  19  15 .42  0 .  852 13 .0  12 .54  3 .54  + 
1.10  15 .47  0 .  700 12 .  0  11 .  99  3 .46  
1 .03  15 .52  0 .564 11 .0  10 .80  3 .29  
1 
2 
3 
4  
5 
6 
7 
8 
9  
1 0  
14.  X-RAY DIFFRACTION DATA USED FOR CALCULATING 1 -0  ELECTRON CbNSITY 
PLOTS FOR BA DEGRAi )EU-BI  ÛT IT  E (<  50  MICRONS)  
D(COL)  C S IN(BETA)  NEL-RIL  INTENSITY UH |P |  SI  UN 
FUNCTION L f  USED 
12 .45  12 .45  16 .081 11000.0  685.14  2o .  I fe  + 
6.  19  12 .39  7 .  900 50 .  0  6 .3  7  2 .52  + 
4.14  12 .42  5 .  167 400.0  78 .46  8. B6 + 
3.11  12 .43  3 .764 1800.0  4W8.92 2  2 .11  + 
2.49  12 .42  2 .  889 120.  0  42 .  85  6 .  55  + 
2.07  12 .43  2 .287 128.0  58 .08  7 .62  -
1.77  12 .33  1 .  826 10 .0  5 .67  2 .38  + 
1.35  12 .43  1 .485 72 .0  49 .33  7 .  02  + 
1.38  12 .44  1 .200 30 .0  24 .31  4 .93  + 
1.24  12 .43  0 .956 27 .  0  24 .  95  4 .99  4-
-O Vn 
ÛRDi  
1 
2 
3 
4  
5  
6 
7 
8 
9  
1 0  
1 1  
15.  X-RAY DIFFRACTION DATA USED FOR CALCULATING i -U  uLECTKON D iNSI lY  
PLOTS FOR PHLOGOPITfc  (<  50  MICRONS)  
D(OUL)  C S IN(BFTA)  NEL-KIL  
FUNCTION 
INTENSITY -LNX 
LP 
I F I SIGN 
us i - i ;  
10.07  1  0 .  07  12 .  931 15000.0  115 8 .30  34 .03  4 
5.04  10 .08  6  .  371 190.0  30 .  10  5 .  4 'J  -
3.  35  10 .05  4 .  098 5850.0  1455.61  38 .15  H 
2.52  10 .08  2 .  940 590.  0  206.90  14 .38  + 
2.01  10 .07  2 .  201 900.0  424.51  2  0 .60  -
1.68  10 .06  1 .  684 62 .0  37 .95  6 .16  + 
1.44  10 .07  1 .  296 164.0  12  5 .  62  11 .21  + 
1.2o  10 .06  0 .  983 68 .8  62 .76  7 .92  
1 .12  10 .  09  0 .  731 7 .4  7 .  37  2 .71  + 
1.01  10 .08  0 .  509 21 .0  20 .  11  4 .48  4 
0.92  10 .  08  0 .  320 36 .6  28 .37  5 .33  4-
•n3 
ON 
/-.u 
PD 
1 
2 
3 
4  
5  
6 
7 
8 
9 
1 0  
1 1 
1 2  
13 
14  
16 .  X-RAY DIFFRACTION DATA USED FOR CALCULATING l -D  ELECTRON DENSITY 
PLOTS FOR L I  DEGRADED-PHLOGOPITE (<  50  MICRONS)  
D(QOL)  C S IN(BETA)  N tL-R iL  INTENSITY |F I  SIGN 
FUNCTION LP USLn 
14 .54  14-54  
7 .30  14 ,59  
4 .87  14 .62  
3 .65  14 .61  
2 .92  14 .62  
2 .46  14 .73  
2 .09  14 .62  
1 .83  14 .65  
1 .63  14 .63  1 .602 15 .0  9 .61  3 .10  +  ->3 
1.46  14 .62  '  ^  
1.33  14 .61  
1 .22  14 .65  
1 .13  14 .66  
1 .04  14 .63  
18 .  799 41850.0  2  2 2 3 . 30 47-21  + 
9.  350 290.  0  31 .  l o  5 .58  -
C. .152  350.0  57 .  46  7 .  58  -
4.510 940.0  211.98  14 .56  + 
3.508 2045.  0  597.51  24 .44  
2 .847 30 .0  10 .08  3 .30  + 
2.  313 103.0  43 .45  6  .  96 -
1.924 50 .0  26 .  96  5 .  19  -
 
1 .  334 48 .  0  35 .  93  5 .99  + 
1.107 12 .0  10 .25  3 .  20  
0 .  916 11 .0  10 .35  3 .22  
0 .744 4 .4  4 .37  2 .  09  + 
0.583 8 .0  7 .91  2 .81  + 
1 
2 
3 
4  
5  
6 
7 
8 
9 
j lO  
j . l  
12 
17.  X-RAY DIFFRACTION DATA USED FOR CALCULATING 1-D ELECTRON DENSITY 
PLOTS FOR NA DEGRADED-PHLOGOPITE (<  50  MICRONS)  
D(OOL)  C S INCBETA)  NEL-RIL  INTENSITY INT |F |  SIGN 
FUNCTION LP USED 
14-83  14 .83  19 .179 2000.0  
7 .44  14 .87  9 .535 130.0  
4 .96  14 .87  6 .260 50 .0  
3 .72  14 .87  4 .600 130.0  
2 .97  14 .85  3 .574 400.0  
2 .46  14 .73  2 .847 0 .0  
2 .12  14 .86  2 .364 20 .0  
1 .86  14 .84  1 .961 5 .0  
1 .67  15 .01  1 .668 0 .0  
1 .48  14 .85  1 .373 0 .0  0 .0  0 .0  +  
1 .35  14 .87  1 .147 2 .0  
1 .24  14 .84  0 .945 4 .0  
104.40  10 .22  + 
13.69  3 .70  + 
8.06  2 .84  -
28.73  5 .36  + 
114.64  10 .71  + 
0.  0  0 .0  -
8.77  2 .96  -
2.65  1 .63  -
0.  0  0 .0  + 
1.67  1 .29  + 
3.71  1 .93  + 
TABLE 18 .  X-RAY DIFFRACTION DATA USED FOR CALCULATING 1 -D ELECTRON DENSITY 
PLOTS FOR MG DEGRADED-PHLOGOPITE (<  50  MICRONS)  
OWDER D(OOL)  C S IN(BETA)  NEL-RIL  
FUNCTION 
INTENSITY im 
LP 
IF !  SIGN 
USED 
1 
2 
3 
4  
5  
6 
7 
8 
9 
]10 
].l 
]L2 
J .3  
14 .37  
7 .21  
4 .80  
3 .60  
2.88 
2.40  
2 .06  
1 .80  
1 .60  
1 .44  
1 .31  
1.20 
1 .11 
14.37  
14 .41  
14 .41  
14 .41  
14 .41  
14 .39  
14 .41  
14 .43  
14 .42  
14 .42  
14 .41  
14 .41  
14 .49  
18 .584 
9 .234 
6 .058 
4 .442 
3 .451 
2 .765 
2 .268 
1.882 
1.565 
1 .302 
1 .075 
0 .879 
0 .719 
3250.0  
75 .0  
80.0 
0.0 
40.0  
5 .0  
5 .0  
20.0 
8.0 
7.0  
0 . 0  
3.0  
0 .0  
175.09  13 .23  + 
8.16  2 .86  — 
13.34  3 .65  — 
0.0  0 .0  + 
11.  88  3 .45  + 
1.87  1 .37  — 
2.29  1 .51  -
11.02  3 .32  + 
5.24  2 .29  
5 .34  2 .31  + 
0.0  0 .0  + 
2.87  1 .69  + 
0.0  0 .0  + 
-o NO 
KD 
1 
2 
3 
4  
5  
6 
7 
8 
9 
1.0 
J  1  
] 2 
1 3  
1  4  
19-  X-RAY DIFFRACTION DATA USED FOR CALCULATING l -D  HLI^CTHON DENS IT  Y 
PLOTS FOR CA DEGRAOEO-Pi lLDGOP ITL-  (<  50  MICRONS)  
D iOOL)  C S IN  (  BETA)  NHL-RIL  INTENSITY iJ^J  |F  |  SIGN 
FUNCTION LP US. -D 
14 .78  14 .73  19 .115 20250.0  10  60 .5  9  32 .  5  7  + 
7.  50  15 .00  9 .617 500.0  52 .22  7 .2  i  
5.01  15 .03  6 .  333 4  00 .  0  63 .  75  7 .9 ' )  -
3.75  15 .02  4 .643 400.0  3  7 .45  V.  35  + 
3.01  15 .05  3 .  628 1  020.  C 287 .81  1  6  .  96 + 
2.50  15 .01  2 .913 20 .0  7 .  OS 2 .  66  + 
2.  15  15 .02  2  .  3 9  El  70 .0  30 .27  5 .  50  — 
1.88  15 .04  2 .000 20 .  0  10 .  30  3 .22  -
1 .  o 7 15 .05  1 .676 9 .0  5 .5-5  2 .35  + 
1.51  15 .06  1 .407 20 .  0  14 .35  3 .79  + 
1.38  15 .14  1 .  190 29 .0  23 .  63  4 .  86  + 
1.26  15 .  10  0 .984 11 .0  10 .03  3 .17  + 
1.15  14 .96  0 .  787 7 .  0  6 .09  2 .62  + 
l .OU 15.15  0 .657 10 .0  10 .  00  3 .  16  + 
on 
o 
1 
2 
3 
4  
5  
6 
7  
8 
9  
1 0 
1 1 
1 2  
1 3  
14  
1 5  
20 .  X-RAY DIFFRACTION DATA UStD FUR CALCULATING 1-U ELECTRON DENSITY 
PLOTS FOR SR OEGKADED-PHLOGOPI  TE (<  50 MICRONS)  
D(QOL)  C S IN(BETA)  NEL-RIL  
FUNCTION 
INTENSITY jjn 
LP 
|F |  SIGN 
USLO 
15 .03  15 .03  19 .441 665C0.0  3527.25  5  9 .39  
7 .63  15 .26  9 .  786 5270.0  540.77  23 .2  5  + 
5.  11  15 .33  6 .  467 3020.G 471.2  5  21 .71  -
3.84  15 .35  4 .762 2350.0  501.  10  2  2 .  39  + 
3.07  15 .35  3 .712 6210.0  1711.24  41 .37  + 
2.56  15 .38  3 .001 530.  0  181.92  13 .49  + 
2.19  15 .34  2 .465 639.0  • 268 .59  16 .39  — 
1.92  15 .39  2 .  065 130.0  65 .35  8 .08  -
1.71  15 .39  1 .  73  5  14 .0  8 .  33  2 .  69  — 
1.  54  15 .39  1 .461 220.0  152.86  12 .36  • f  
1 .40  15 .39  1 .229 53 .  0  42 .  22  6 .5  0  + 
1.28  15 .39  1 .026 5( : .0  51 .  75  7 .  19  + 
1.  18  15 .38  0 .84  7  18 .0  17 .39  4 .17  4-
1.10  15 .36  0 .609 12 .  0  12 .  00  3.4  6  + 
1.03  15 .40  0 .  54  7  9 .0  b . l u  2.96  + 
CO 
iF;D 
1 
2 
3 
4  
5  
6 
7 
8 
9 
] 0 
1 1 
1 2 
13 
21 .  X-RAY DIFFRACTION DATA USED FOR CALCULATING 1 -0  cLECTRGN DIENSITY 
PLOTS FOR UA DEGRAUED-PHLOGOP IT t  (<  50 MIC ' tUNS)  
D(OOL)  C S IN (BETA)  NEL-KIL  INTENSITY JL j^J  |F |  SIGN 
FUNCTION LP UShO 
14 .78  14 .78  19 .115 17260.0  903.99  30 .07  +  
7 .51  lb .01  9 .625 3  64 .0  37 .98  6 .16  
5 .00  15 .00  6 .319 142.C 22 .69  4 .76  
3 .75  14 .99  4 .637 1H6-0  40 .7o  6 . 3d  +  
3.00  14 .99  3 .610 516.0  146.91  12 .12  +  
2 .50  15 .02  2 .917 27 .0  9 .55  3 .09  +  
2 .14  14 .99  2 .391 46 .0  19 .94  4 .47  
1 .87  14 .99  1 .989 16 .0  b .3  5  2 .89  I-» 
oo 1.67  15 .02  1 .670 17 .0  10 .49  3 .24  +  
1 .49  14 .92  1 .335 11 .0  7 .99  2 .83  +  
1 .37  15 .11  1 .  183 37 .9  30 .96  5 .5 : ,  <-
1 .25  15 .01  0 .970 7 .4  6 .79  2 .61  +  
1 .15  15 .01  0 .794 6 .2  6 .09  2 .47  +  
